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Foreword 


"The Critical Issues in Psychology Series," paperback source books for 
the undergraduate in psychology, are designed to provide authoritative 
and provocative reviews of selected topics germane to a spectrum of 
courses. Each volume offers an original inquiry into major facets of 
the point at issue and a set of illuminating reports carefully chosen to 
represent salient positions of historical or current significance. This 
combination will afford instructor and student opportunity to read stimu- 
lating, even challenging, argument with primary sources in hand. 

Visual perception is perhaps the oldest of all psychological problems 
in terms of historical treatment. How man perceives the world is not 
only of fundamental importance to behavior theory but also extremely 
interesting in its own right. Visual Perception provides an up-to-date 
interpretation of the representative theoretical and experimental issues 
involved and, in so doing, treats the processes involved in normal per- 
ception. 

Herschel W. Leibowitz, a leader in visual perception experimentation, 
has long been actively engaged in a variety of research and instructional 
endeavors concerning the problems of visual perception. Now professor 
of psychology at The Pennsylvania State University, he has taught at 
the Universities of Wisconsin and Michigan and at M.LT. and was re- 
cently Manager, Behavioral Sciences, at the IBM Research Center, in this 
capacity advising engineers on applied perceptual problems as well as 
basic theoretical issues. 


Mervin Н. Manx, General Editor 


Preface 


Ir Is CUSTOMARY, WHEN INTRODUCING A NEW TOPIC, TO 
begin by attempting to define the problem at hand. In the case of visual 
perception, this task could conceivably take us back to the history of 
philosophy and the origins of psychology within philosophy, physiology, 
and physics. Such a journey, although intellectually stimulating, might 
prove to be unsatisfactory, because a universally agreed-upon definition 
of perception simply does not exist, and any attempt to formulate a 
satisfactory definition would merely result in elaborations of the problem 
and reasons for failure. On the other hand, all of us are aware of the 
world around us. We see objects, colors, sizes, shapes, faces; hear sounds; 
taste food; and smell odors. In a less rigorous sense, a working definition 
of perception can be considered as an awareness of our environment. 
Such a simple definition will suffice to initiate a discussion of this fascinat- 
ing and important topic. 

One of the reasons why a definition is so difficult to obtain is that 
this field cuts across and is part of many other disciplines. The student 
of art, the engineer, the physician, and the psychologist, to name but 
a few, are all interested in perception. The perceptual literature is richer 
for having received contributions from astronauts, observers of children 
and animals, zoologists, and poets. In a sense, the diversifications and 
ramifications of perception are at the same time both a liability and an 
asset. The liability consists of the necessity, although not a critical one, 
for a wide range of background information before the material can 
be well understood. In addition, a concise definition is not available. 
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On the positive side, the many aspects of perception, its application to 
various phases of life, and its ubiquity all add to its inherent interest. 
The broadness of the field requires contact with a wide variety of disci- 
plines, so that one is gently led to a broad point of view with desirable 
consequences. 

As with most topics, and particularly in perception, it would be pos- 
sible, although not practical, to attempt a comprehensive and complete 
coverage of all aspects and facets of the problem. In the case of per- 
ception, it would be desirable to include, among others, its anatomical, 
photochemical, medical, historical, philosophical, aesthetic, educational, 
and engineering aspects. This approach, although having the virtue of 
scholarship, is not feasible in a work of this size and is certain to be 
incomplete and perhaps even unfruitful. As an alternative, it is proposed 
to select eight aspects of visual perception that are thought to be im- 
portant as well as representative topics of study in this field. Unfortu- 
nately, other aspects will be passed over. The value of the selective 
approach is, hopefully, both to stimulate interest in this field and to leave 
the reader with an awareness of some fundamental problems and facts 
of the area of perception. If the reader is left with a feeling of interest 
and perhaps even excitement, despite an inevitable sense of incomplete- 
ness, this goal will have been attained. 

It is assumed that the reader will have some previous familiarity 
with the field of general psychology inasmuch as the present topics are 
elaborations of general psychology with special emphasis on the prob- 
lems of perception. The material on adaptive aspects, innate factors, 
learning, attention, motivation, illusions, and the role of the nervous 
system in perception are classic topics in general psychology. The chap- 
ter on the role of perception in modern technology has not yet achieved 
such "classical" status but is rapidly moving in this direction. It is hoped 
that the study of perception within this context will give the reader not 
only a broader appreciation of perception itself, but will also contribute 
to a deeper understanding of this aspect of general psychology. 


HznscuEL W. LEmBOWITZ 
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Inquiry and Argument 


CHAPTER 


Adaptation to the Perceptual 
World 


THE ASSIGNMENT OF A “PURPOSE” TO A BIOLOGICAL 
process is always a risky procedure, and a thorough discussion of 
the purpose of perception would be beyond the scope of this book. 
However, in a less rigorous sense, it does not seem unreasonable 
to assume that one of the goals and purposes of perception is to 
stabilize our awareness of the world about us in the interest of 
successful adjustment. In any event, this assumption seems to be a 
valuable working hypothesis. It is in this context that we observe 
one of the most interesting aspects of perception. As we move 
about in the world, there is focused on the inside of our eyes, or, 
more correctly, on the mass of sense cells known as the retina, 
optical images of the objects at which we are looking. These images 
are formed according to known laws of optics. When an object 
moves away from us, the image becomes smaller. Similarly, as the 
illumination is varied, the intensity of light in the retinal image 
changes accordingly. As an object is tilted, its physical image is 
progressively flattened. These optical relationships, which are pre- 
dictable from elementary physics, can also be observed if one takes 
the excised eye of an animal and points it at various objects while 
observing the image formed on the retina (Boring, 1942). (One 
must use a fresh eye because of the inevitable clouding of the lens 
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after removal of the blood supply.) In other words, the optical sys- 
tem of the eye is analagous in many respects to a camera or any 
other optical system that focuses an image (Wald, 1950). 

However, in everyday life, we simply do not observe the changes 
that take place due to these physical transformations. People ap- 
pear to be about the same size as the distance from us changes 
despite the predictable variation in the size of the retinal image. As 
the distance between the eye and an object is varied, the size of the 
corresponding retinal image varies proportionately. When a person 
is moving about a normal-sized room, his distance from us fre- 
quently varies between two and twenty feet. Under these conditions, 
the size of the corresponding retinal image changes tenfold. How- 
ever, we do not perceive a size change of this magnitude—in most 
cases, the individual appears to remain the same size. Thus, despite 
the variation in the size of the retinal image, perceived size tends 
to remain invariant. This phenomenon is referred to in the literature 
as size constancy, meaning simply that perceived size tends to re- 
main constant at varying observation distances. 

In Part Two E. G. Boring [1]! describes the history and the 
biological significance of the phenomenon of size constancy, as 
well as the implications of the constancies for perceptual theory. 
In reading this article, it will help to bear in mind that it was writ- 
ten by psychology’s historian specifically for an audience of physi- 
cists. Boring emphasizes the critical point that perception does not 
depend solely on the physical characteristics of stimulation, but on 
other factors as well. 

The biological significance of size constancy is clearly that of sta- 
bilizing the visual world by emphasizing in our awareness the per- 
manent qualities of objects rather than their continually changing 
retinal image characteristics. Size constancy can readily be demon- 
strated with the aid of two coins of the same denomination. Place 
one coin on the table surface at approximately arm’s length and 
the second, on the other side of the table, as far away as possible. 
With your hand halfway between your eye and the nearer coin, 
line up the tips of thumb and index finger so that you enclose the 
edges of the nearer coin. Without changing the distance of your 


1 Bracketed numbers refer to readings in Part Two. 
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hand from your eye, shift your gaze to the more distant coin. It will 
be observed that the "size" of the coins, as measured by the distance 
between your fingertips, is quite different. Despite this difference, 
which is roughly proportional to retinal image size, the coins ap- 
pear to be the same size at different distances. Any two similar-sized 
objects, indoors or outdoors, can be used for this demonstration. 

Size constancy has been investigated for many years, and is 
known to be manifested by adults, under normal viewing conditions, 
up to a distance of 50 to 100 feet or more. One might ask by what 
process size constancy is mediated in the human organism. On this 
point, there is less agreement in the literature. Nevertheless, we 
can specify one necessary condition for the appearance of size con- 
stancy—it is essential to view not only the object itself but the 
context surrounding the object. This can be demonstrated, for ex- 
ample, with the two coins described above, by viewing them 
through a small opening that restricts the visual field to the stimu- 
lus itself by cutting off surrounding areas. Such a device, called a 
reduction screen in psychological literature, can be made by simply 
punching a hole in a piece of paper with a sharp pencil. Observing 
through such a reduction screen reduces size constancy in the direc- 
tion one would predict from the laws of optics. That is, objects 
farther away appear smaller when viewed through a reduction 
screen than they would under ordinary viewing conditions. 

The implication of these experiments is that the surrounding con- 
text, even though one may not be aware of it, is nevertheless critical 
in maintaining the size constancy effect. (See also the figure on 
page 139.) This is remarkable, because we do not usually consider 
the fact that objects to which we do not attend have such important 
effects on perception. As is true of many phenomena in psychology, 
experiments demonstrate facts that we would not normally assume 
from "common sense" to be true. 

Another important factor in size constancy is the role of experi- 
ence. In his classical book on vision, the great German scientist, 
Hermann von Helmholtz (1962a), describes a phenomenon that 
occurred when he was being taken to church as a child. He observed 
a large statue on the side of a distant church and asked his parents 
to get that “doll” for him. It would appear from Helmholtz’s per- 
sonal experience that size constancy is not well developed in young 
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children. However, the experimental literature on size constancy 
has not always supported the implications of Helmholtz's child- 
hood observations. Some of the earlier studies suggested that size 
constancy for children is as well developed as it is for adults, but 
these studies were not made at longer observation distances com- 
parable to those at which the young Helmholtz observed his statue. 
On the assumption that differences in the distance of observation 
could be responsible for this discrepancy, Zeigler and Leibowitz 
[2] conducted a study, using a wide range of observation distances, 
up to 100 feet. The data, which are plotted on page 89, confirm 
both Helmholtz and the earlier experimental studies. For near-ob- 
servation distances, size constancy for eight-year-old children is 
indistinguishable from that for adults. However, as observation 
distance is increased, the childrens’ data show progressively less 
constancy, while the data for the adults are essentially unaffected. 
Size constancy develops first for near and then, with experience, 
for progressively more distant objects. The results of this and simi- 
lar studies imply that in some way experience with or in the en- 
vironment is a necessary condition for the development of the size 
constancy phenomenon. 

Although it would be misleading to give the impression that we 
completely understand how size constancy is mediated, it is reason- 
able to assume that at least two factors are relevant: the presence 
of contextual stimuli simultaneously present in the visual field and 
experience observing such stimuli. Apparently, in some way, we 
“learn” to take into account the entire context as a basis for the 
size-constancy effect. More generally, these studies imply that the 
perceptual process is by no means a passive one. If one were to 
attempt to predict perception from a simple knowledge of optics, 
the results would be grossly inaccurate. Although the eye is analo- 
gous to a camera to the extent that it focuses an image on the 
retina, the effects shown here of context and experience illustrate 
very well the important principle that the organism itself contrib- 
utes significantly to the process of perception. 

Constancy of size is only one example of this important biological 
phenomenon. As we move about our environment, there are gross 
changes in the amount of light falling on the objects that we view. 
Even during the daylight hours, when we move from the sunlight 
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outdoors to a room illuminated by artificial light, there may be a 
change in the intensity of illumination by a factor of a 1,000 to 1. 
If we consider the difference between bright sunlight and the 
amount of light available on a moonless night, the difference may 
increase to as much as 1 billion to one. As in the case of size con- 
stancy, we simply do not perceive these great differences in illumi- 
nation. Consider, for example, a man wearing a white shirt standing 
in the sunlight holding a piece of coal If we were to measure 
the amount of light reflected from his shirt and from the coal, we 
would see that the quantity is approximately 100 times higher for 
the shirt than for the coal. Now if the same man goes into a dimly 
illuminated cellar, which would produce perhaps 1/1,000 of the 
light available in the sunlight, and again takes readings from the 
shirt and the coal, proportionately the same figures would be ob- 
tained. We know from experience that coal looks black, or dark, 
and a white shirt looks white, or light, under any condition. How- 
ever, a physical measurement of the reflected light would indicate 
that there is actually more light coming from the coal in the sun- 
light than from the shirt in the basement. Thus, our perception is 
not predictable from the physics of the situation and does not follow 
from the amount of luminous energy reflected from these objects. 
Instead, there is a tendency in perception to preserve the constant 
appearance of brightness or whiteness of objects—an analogy to 
the phenomenon of size constancy in maintaining the stability of 
visual perception. Again, the understanding of this effect is not 
complete, but we do know that as in the case of size perception, 
context is extremely important. If one performs the reduction screen 
experiment, brightness constancy is 165. The shirt in the cellar 
would look dark, and the coal in the sunlight would appear light. 

A related phenomenon is that of color constancy. Although we 
are not usually aware of it, the "color" of illumination varies sig- 
nificantly during the day, being redder at daybreak and at twilight 
and bluer during midday. Even more strikingly, indoor illumination 
may be quite different in color from the illumination produced by 
the sun, being generally redder than sunlight. Ordinarily, we do 
not observe these differences. However, if one wishes to take realis- 
tic color photographs, careful attention to the color of the illumina- 
tion is necessary in order to avoid distortions. One must use 
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different types of color film for indoor than for outdoor illumination, 
even for amateur photographs. If the appropriate film is not used, 
for example, if "indoor" film is employed to take a photograph out- 
doors, the resulting colors will have an unnatural bluish cast. Like- 
wise, if outdoor film is used indoors, the photographs will appear 
unnaturally red. Descriptively, we might say that the different films 
are required because our color constancy is not as good when 
viewing photographs of a scene than when viewing the scene itself. 
(For a detailed treatment, see Evans, 1948.) This statement, how- 
ever, does not explain how color constancy is mediated. Psycholo- 
gists think that context, as in the case of brightness and size 
constancy, is important as well as our “memory” for the color of an 
object. The absence of "memory color" for new clothing once gen- 
erated many complaints in the retail clothing industry. Clothing 
first viewed under indoor illumination seemed to be a different 
shade of color when viewed in daylight. After some experience 
with the clothing, memory color becomes effective, and the appar- 
ent changes in color under different illuminations become less 
apparent. In recent years, this problem has been minimized by im- 
proved artificial illumination, which more nearly approximates 
the color of outdoor light. 

Another important manifestation of the tendency to stabilize 
perception is the constancy of shape. If a square object is tilted at 
successively more acute angles, the retinal image will be distorted. 
The fact is that we do not notice these distortions nor are we aware 
that round shapes such as the top of a glass will be imaged as el- 
lipses or flattened circles on the retina when viewed at an angle. 
The tendency to perceive the constant shapes of objects, despite 
distortion of the retinal image as the angle of observation changes, 
is called shape constancy (Thouless, 1931, Graham, 1951). 

The explanation, or more likely, the explanations for the various 
aspects of constancy that we have discussed, such as size, bright- 
ness, color, and shape, have only been partially identified to date. 
We do know that although the mechanisms may turn out to be 
quite different for the various aspects of constancy, one fact is clear 
—they all serve to stabilize the perception of the visual world. The 
constancies permit us to react to the stable physical characteristics 
of objects, an ability of great importance in adjusting to our en- 
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vironment. If we were to perceive the continually changing retinal 
image characteristics of our environment, which would occur in 
the absence of constancy, the result would be chaos. 

The perceptual constancies manifest themselves, as one might 
expect, among animals as well as humans. Fish have been shown to 
demonstrate color constancy; chickens, brightness constancy; and 
monkeys, shape constancy (Katz, 1937, Osgood, 1953, Zeigler & 
Leibowitz, 1958). To the knowledge of the writer, no animal has 
ever failed to demonstrate constancy experimentally. Indeed, it 
would be difficult to imagine the successful adjustment of any 
form of animal life that did not have the ability to react to the 
stable, fixed characteristics of its environment. 

The study of perceptual constancy is important for a number of 
reasons. It serves as an excellent example of the active nature of 
perception, a reoccurring theme in this essay; it also illustrates that 
the optics and physics of stimulation tell us very little about percep- 
tion in the intact organism; it demonstrates the important fact that 
one need not be aware of the mechanisms underlying perception. 
Most individuals first hear about perceptual constancy in psychology 
classes. The many who never hear of it are not in any way incon- 
venienced in their everyday lives by the lack of this information. 
Fortunately, the biological value of constancy does not demand 
knowledge of its presence. Finally, perceptual constancy is of 
critical importance to our understanding of living organisms, be- 
cause its presence differentiates mechanical from biological systems. 
When we know more about the mechanisms of constancy, we will 
have made significant progress toward understanding the enigma 
of biology. Perhaps we could even build better mechanical devices 
if we understood how this important biological process is mediated 
in living systems. To be sure, the study of the perceptual constan- 
cies is interesting and important, as well as challenging. 


CHAPTER 


Innate Aspects of Perception 


ONE OF THE MOST VIGOROUS AND, AT TIMES, BITTER 
controversies in the history of psychology has been the question of 
whether behavior is innate, that is, unlearned, or whether it can be 
learned or acquired from experience. We know now that the prob- 
lem is not so simple, that such a dichotomy oversimplifies it. There 
are many examples of behavior that are strongly influenced by in- 
nate tendencies. In particular, lower forms of animal life exhibit 
many complex behavior patterns usually referred to as instincts. 
As we ascend the phylogenetic scale, we find fewer examples of 
the complex, unlearned behavior patterns that are so prevalent in 
lower forms. However, innate factors are present at all levels, and 
the question remains as to the relative contribution of innate and 
learned characteristics in the development of behavior for all 
species. 

In the field of perception, there are many examples of innate per- 
ceptual responses in lower forms. One of the most striking examples 
is to be found in the behavior of the honey bee. In the normal ac- 
tivity of the beehive, "scout bees" go out to search for sources of 
food. When they find food—for example, a field of flowers in bloom 
—they return to the hive and communicate the direction and dis- 
tance of the food source to other bees by means of a dance. Figure 1 
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illustrates the communication dances of the bees (von Frisch, 
1950). As the scout bee moves through this pattern, other bees fol- 
low, touching their antennae to the scout and picking up informa- 
tion as to the direction and distance of the food source. The 
"coding" of direction and distance information is fascinating. With 
respect to direction, the position of the straight portion of the dance 
is significant. The rule is that the straight portion of the dance is 
oriented at the same angle of gravity (the dance is performed on a 
vertical comb of the hive) as the angle the bee has flown with re- 
spect to the sun. The exact relationship here is less important than 


FicunE 1. Left: The tail-wagging communication dance of the honey bee. 
The number of turns is an indicator of distance; the fewer turns, the farther 
away the food source. Right: The round dance indicating that food is nearby. 
(Reprinted from Bees—Their Vision, Chemical Senses, and Language by Karl 
von Frisch. Copyright 1950 by Cornell University. Used by permission of 
Cornell University Press.) 


the variables involved. The bees can innately perceive the position 
of the sun when outdoors and orient their dance so as to communi- 
cate, in the dark, to other bees the relationship between the angle 
of the sun and the angle of flight. The recipients of this message 
then emerge from the hive and fly in the appropriate direction. 
Distance is coded in two ways. If the food is nearby, the bees per- 
form a different dance pattern, the round dance. A second and more 
precise indicator of distance is the number of turns made during 
the dance. The more turns, the closer the food. 

Such complex behavior is astounding even to an experienced stu- 
dent of instinctive behavior in insects. Professor Karl von Frisch, 
who has devoted the major portion of a distinguished career to the 
study of the bee, was so amazed at his discovery of this means of 
communication that he remarked that no competent scientist should 
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believe this study the first time he hears it! Although von Frisch, 
whose research techniques are a model of scientific excellence, prob- 
ably questioned his findings at first, his subsequent work has re- 
moved all doubts. Bees do, in fact, transmit information regarding 
the direction and distance of food by means of dances. To many 
scientists, this discovery by von Frisch is of unrivaled importance 
in biology. In further studies, von Frisch discovered that different 
species of bees have slightly different methods of communication; 
although they all communicate by dancing, the details of the pat- 
tern depend on the species. Language dialects exist even in the world 
of insects! (von Frisch, 1962). 

Innate perceptual responses also exist in higher forms of life. 
Fish exhibit many varied and interesting instincts. For example, 
the zoologist Niko Tinbergen, of Oxford University, has studied the 
fighting behavior of the male stickleback fish. He points out that 
the characteristic fighting behavior of the male stickleback is di- 
rected primarily against other males and not against females. The 
question is how the animal makes this discrimination. Tinbergen 
conjectured that the basis for the discrimination is the fact that 
males of the species have a red throat and belly. This hypothesis 
was tested by constructing models of sticklebacks some of which 
were very poor imitations, lacking many of the characteristics of 
the species, even of fish in general. Nevertheless, the male stickle- 
back would attack a model with a red belly that, to us, did not 
even resemble a fish more often than it would attack an accurate 
imitation of the stickleback that lacked the red color. In effect, 
this experiment puts into competition the red color against other 
morphological characteristics of the animal. The results show that 


the fish react innately to the red while neglecting the other char- 
acteristics ( Tinbergen, 1951). 


Students of animal behavior refer to the ability of certain stimuli 
to energize instinctive patterns of behavior as “releasers.” Releasers 
are defined as stimuli of various shapes and colors that serve the 
specific function, as illustrated in the fighting behavior of the 
stickleback, of triggering an appropriate sequence of behavior in 
another member of the same species. Learning is thought to play no 
role in their establishment. The display and subsequent reaction to 
it does not depend on prior experience. Such perceptual releasers 
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play a significant part in activating instincts, especially those con- 
cerned with mating and maternal behavior. A number of releasers 
have been identified and studied. According to Tinbergen, the gap- 
ing reaction of young thrushes, a response that permits the mother 
to drop food into the young bird's mouth, is released by an object 
greater than 3 mm in diameter, moving above the bird's eyes. The 
sexual pursuit of the male grayling butterfly is released by a dark, 
fluttering object, the color, size, or shape of which is not important. 
The releasing stimulus is highly specific and most often represents 
only a small part of the total stimulus complex (Tinbergen, 1951). 

Instinctive perceptual behavior is also shown by birds. Among 
the best known examples of instincts in birds is their ability to mi- 
grate over great distances at the appropriate time of the year. In 
recent years, a number of facts regarding the basis for migration 
has been uncovered (Griffin, 1948). One of the puzzling aspects 
of this problem, however, is the identification of the cues used by 
the animals to find their way. We know that human beings must 
rely on relatively complex navigational aids when traveling by air. 
How, then, do birds accomplish this same feat? It has been shown 
that the sun is an important cue used by birds, and even fish, for 
navigational purposes. Apparently, the animals have an "inner clock" 
that allows them to “calculate” their orientation from the position of 
the sun and awareness of the time of day. (See the volume Bio- 
logical Clocks, 1960.) 

The use of the sun as a navigational cue is most interesting. One 
wonders what sort of nervous mechanism common to bees, fish, and 
birds permits not only an awareness of time but supports the com- 
plex processes required to compare the position of the sun with the 
time of day and to “calculate” the desired direction of migration. 
As if this situation were not already sufficiently complex, some birds 
—for example, the warbler—migrate at night and cannot make use 
of the sun. A logical possiblity would be that these birds utilize the 
stars for navigation. Dr. Franz Sauer tested this hypothesis by ob- 
serving the warblers in a planetarium, a dome-shaped building in- 
side of which it was possible to project realistic star patterns of 
the heavens (Sauer, 1958, Sauer & Sauer, 1960). The warbler, when 
placed in the planetarium, would position its body in the direction 
appropriate for migration, north in the spring, and south in the fall. 
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Apparently the bird is able innately to perceive and interpret the 
position of the stars in the sky and to use this information to in- 
dicate the direction of north and south. That this ability is truly 
innate is demonstrated by the fact that the birds can make the ap- 
propriate response independent of experience. A most adaptive and 
amazing ability! 

Although the innate perceptual capacities of lower animals may 
seem incredible to the human being, one must bear in mind that 
such animals do not have the “luxury” of long periods of learning. 
For animals in which instincts are common, the maturation period 
between birth and adulthood is relatively short. The instinctive 
perceptual behavior permits the animal to adjust to its environment 
by means of built-in responses rather than by relying on more time- 
consuming learned behavior. It also helps to keep in mind, in reflect- 
ing on these incredibly adaptive innate responses, that the sun and 
the stars are probably the most consistent perceptual stimuli pres- 
ent in the history of the world. During the millions of years of 
evolution, the species might well be expected to have adapted to the 
most reliable indication of direction available. This, of course, does 
not explain how inner clocks and sun compasses operate in the tiny 
brain of the bird or the rudimentary nervous system of the bee, but 
the evolutionary approach does provide a framework within which 
these behaviors can be conceptualized and related to other facts of 
biology. 

When we move to higher forms of life, the question of innate be- 
havior is complicated by the fact that such species exhibit an in- 
creasing tendency to profit from experience. It has been stated that 
even if human beings do, in fact, have instincts, these tendencies 
are so modified by learning and experience that they cannot be 
compared with the fixed behavioral patterns prevalent in lower 
forms. Nevertheless, when one looks carefuly at mammals, and 
even humans, examples of innate perceptual abilities can be dem- 
onstrated. 

Drs. Eleanor J. Gibson and Richard Walk at Cornell University 
have recently proven that the perception of depth is innate in 
young mammals (Gibson & Walk, 1960). This was accomplished 
by constructing an apparatus in which a solid center support is sur- 
rounded on both sides by “cliffs.” Although the animal is protected 
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from danger by a sturdy glass cover if it should leave the center 
support, it can see down into the cliff. The cliffs on either side of the 
support are of different depths, one shallow and the other deep. The 
child or animal looking over the side of the cliffs sees the same per- 
ceptual pattern in both cases, with the exception that one is farther 
away than the other. The question to be answered is whether the 
subject will leave the safety of the center support and venture over 
the apparent void of the cliff. If it does, which side will it prefer, 
the shallow or deep? If the shallow side is preferred, it would sug- 
gest that the perception of depth is innate in this subject. A number 
of species have been tested, including chickens, rats, cats, goats, 
and human infants. In all cases, there is a tendency to avoid the 
deep cliff and to prefer the shallow one, suggesting that the percep- 
tion of depth is not only innate, but that its dangerous implications 
are meaningful to the young animal. It is not recommended on the 
basis of this study that the young child be permitted to play in 
high places in the belief that he will be protected by his instinctive 
avoidance of cliffs. These experiments were carefully designed to 
equalize all cues except for those of distance—the real-life situation 
presents many additional variables. However, the results do demon- 
strate that even higher forms of life can exhibit innate perceptual 
tendencies. 

A final question to be considered is the way in which innate and 
learned capacities contribute to perceptual development. For ex- 
ample, we know that the accurate perception of the human face is 
a most important attribute in the human being. Robert Fantz, a 
psychologist at Western Reserve University, recently made signifi- 
cant contributions to our understanding of this area (Fantz, 1961, 
1965). Fantz has developed an elegantly simple method of study- 
ing the perceptual development of infants. By observing the posi- 
tion of the eyes, he can determine in which direction they are 
looking. Assuming that the direction of gaze indicates some aware- 
ness on the part of the child, he has presented young infants with 
choices of patterns to view. For example, a white or colored circle 
versus an outline drawing of a human face, newsprint versus a 
circle. Interestingly enough, infants, even those under five days 
of age, prefer to look at facelike objects. These results have im- 
portant implications for our theories about the development of 
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perception. They indicate that, first of all, the child can see some- 
thing. If infant vision were, indeed, a "booming, buzzing confusion, 
as was previously thought to be the case, there should be no prefer- 
ence of any kind exhibited—all would be a meaningless blur. Evi- 
dently, some pattern vision is available at least within five days of 
birth. Secondly, there appear to be innate preferences for certain 
types of patterns, in particular for those which resemble a human 
face. This tendency is of obvious biological value to the developing 
infant, because much of our information about other people comes 
from the face. We identify individuals, determine whether they 
are paying attention to us, ascertain their agreement or disagreement 
with us, and obtain indications of their feelings and thoughts by 
looking for cues from their faces. An innate tendency to single out 
the face, among all the stimuli available to the child, would be of 
value in directing his attention and shaping his awareness of this 
most important perceptual stimulus. 

To the student of general psychology, a consideration of innate 
perceptual behavior should present few new concepts. Just as is the 
case for behavior in general, innate perceptual tendencies comple- 
ment and balance the ability of any species to profit from experi- 
ence. The lower forms that have a relatively short maturation period 
are dominated by instincts and have comparatively little ability to 
profit from experience. As we ascend the phylogenetic scale, learn- 
ing becomes increasingly important, and instinctive behavior is 
progressively less conspicuous. Although all animals learn, from 
the amoeba to the human, and all animals exhibit innate tendencies, 
the relative emphasis on nature and nurture shifts predictably along 
the phylogenetic scale. For the reader who, at this point, may agree 
with von Frisch's advice that no competent scientist should believe 
at first glance the stories about the behavior of the bee or, for that 
matter, of the innate perceptual tendencies of the fish or the bird, 
there is a redeeming feature to this story. Although any one instinct, 
or any one example of behavior, may seem incredible when con- 
sidered by itself, the overall picture shows some semblance of order 
and regularity. Living organisms do adapt to their environments. 
The relative importance of the mechanisms of adaptation is ad- 
justed appropriately to the duration of the life cycle of the species. 
If the bee had to learn navigation, it would cease to exist. If human 
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behavior were locked in by instinctive patterns, our modern civiliza- 
tion, with its infinite variety of cultures and customs, would be 
impossible, and our entire concept of man as we understand him 
would be meaningless. Consideration of the role of innate tenden- 
cies in perception fits nicely into the biological concept of behavior, 
a welcome concurrence in a field with so many unsolved problems. 


CHAPTER 


The Learning Process in Perception 


ĪF ONE TAKES A BROAD OVERALL VIEW OF CONTEMPO- 
rary psychology, it is striking to observe how much of the activity 1? 
this field is concerned with the phenomenon of learning. The human 
being is particularly able to profit from experience, and learning 
plays a major role in the life of our species. The importance 0 
learning applies equally well to perception—we have already see? 
how, in children, the tendency toward size constancy can be learnec- 
Although animals have many innate perceptual tendencies, they are 
also capable of modifying their behavior as a result of experience. 
Examples of learning among animals are numerous and, at 
times, startling. The Swiss physician and naturalist August Forel 
noticed more than 50 years ago that bees would appear OP ae 
veranda of his house at breakfast time looking for food. They ap" 
peared at the same time each day, as if they had learned and could 
remember what time food would be available to them, On the basis 
of this observation, it has been suggested that bees posses а "time 
sense” or an “inner clock" that allows them to tell the time of day 2"' 
to adjust their activities accordingly. This time sense of bees was 
tested by the German zoologist Max Renner (1960) in an exper 
ment in which he constructed two identical rooms, one of whic 
was set up in Paris, France, and the other, in New York City- 9 
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then fed bees daily in the Paris room between 8:15 p.m. and 10:15 
р.м. As would be expected from Forel's observations, the bees soon 
learned to emerge from their hive promptly at 8:15 р.м. to gather 
food and then to return to their hive at 10:15 р.м., when the food 
was no longer available. Renner was then ready for a critical test of 
the time sense. If bees really possessed an inner clock, they should 
continue to look for food between 8:15 р.м. and 10:15 р.м., Paris 
time, despite changes in their environment. Within the same day, 
thanks to modern jet transportation, Renner was able to transport 
his bees to New York and to place them in a room identical to that 
in which they had been trained in Paris. The crucial question was, 
when would the bees emerge? Would they look for food according 
to Paris time, or would the rapid 3,000-mile trip in jet plane and 
taxi distort their time perception? Renner reported that the bees 
were not at all confused. At 8:15 р.м., Paris time, "they came out of 
their hive and flew around the room as if they had never been 
moved." The perception of time in this species is remarkable. It 
does not depend on cues from the sun, temperature, gravity, or any 
other known external factors, because all of these were well con- 
trolled by Renner. It depends, apparently, on an ability to perceive 
accurately the passage of time. This ability is obviously of great 
importance to the animal, because it permits it to regulate its food- 
seeking activities according to the time of day that food is available. 
Another challenging problem for the student of animal behavior 
is the explanation of the ability of fish to migrate. The American 
zoologist Arthur Hasler states the problem as follows: "The Chinook 
salmon of the U.S. Northwest is born in a small stream, migrates 
downriver to the Pacific Ocean as a young smolt, and, after as long 
as five years, swims back unerringly to the stream of its birth to 
spawn. . . . How do they find their way back, sometimes from 800 
to 900 miles away?" (Hasler & Larsen, 1955). On the basis of re- 
search by Hasler and Warren Wisby (1951), we suspect that this 
ability depends on the sense of smell, which is extremely acute in 
fish. Salmon with their noses plugged with cotton fail to return to 
the stream of their birth. Further evidence that odor is the critical 
factor comes from laboratory studies. It is possible to train fish to 
distinguish water taken from various streams. Although the chemical 
constituents of the various waters cannot be identified, differences 
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do exist that can be perceived by the salmon. A fish migrating up- 
stream could, conceivably, be guided by the memory of the odor of 
the water in which it was spawned and attained maturity. At least 
the perceptual basis for this ability exists, and it does appear to be 
a likely explanation for this old problem. 

As is frequently the case in the development of science, important 
discoveries are often made by chance. In the early part of this cen- 
tury, considerable public attention was attracted to an unusual 
horse named Clever Hans, that, it was reputed, could perform 
arithmetical calculations, tell time, and even analyze music (Katz, 
1937). The horse's owner had worked out a special system of com- 
munication because, despite his reputed intelligence, Hans had not 
learned to speak. The owner would ask the horse, for example, what 
was the day of the month. The horse would then tap his foot until 
the number of taps equaled the date. The owner was convinced 
that horses were as intelligent as men and needed only the proper 
education to take advantage of their abilities, А commission of 
eminent zoologists and psychologists examined the horse and re- 
ported that the performance of the animal was legitimate. In fact, 
the horse would answer questions posed by anyone; it was not even 
necessary for the owner to ask the question. Before the reader pe- 
titions his local school board to admit horses to classrooms, it should 
be pointed out that a necessary condition for the horse's perform- 
ance was seeing his owner while tapping out the answers. If the 
owner stepped behind a screen so as to block the horse's view, the 
horse simply tapped indefinitely. What happened was that the 
owner, in anticipation of the correct response, inadvertently made 
slight movements of his head that were perceived by the horse as 
à signal to stop tapping. This was the kind of anticipatory move- 
ment similar to the reaction of a parent watching a child repeat à 
poem or song from memory. These movements were made quite by 
accident and were very small. However, the horse, although not 
as clever as the owner had assumed 
pacity to look for and respond to the unwitting cues provided by 
the owner. The Clever Hans story is valuable not only as an ех- 
ample of perceptual learning, but аз a reminder that the perceptual 
abilities of animals must be considered before assuming that their 
remarkable achievements are the result of higher intellect. 
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Examples of perceptual learning in animals are numerous. The 
owners of dogs and cats are only too eager to relate stories praising 
the abilities of their pets. Many of these stories, even if one allows 
for the biased effect of the master's motivation on his perception of 
the pet's behavior, are nevertheless remarkable and pose interesting 
questions for the student of perception. How can a dog or cat find 
its way home after roaming the streets of a city for hours or even 
days? How do birds, released many miles from their nests, find 
their way back swiftly and accurately? The final answer to these 
questions will depend on a more complete knowledge of the per- 
ceptual learning capacities of these species than is now available. 
Although rich in anecdotes, the perceptual behavior of animals is,» 
at the same time, a fertile field for further scientific analysis. a 

Among humans, many dramatic forms of learning can be demon-. 
strated. An excellent example is based on the fact that the imaged" 
on the retina is inverted. This is true because the eye, having ates 
positive lens system, produces a real but inverted image. This phe-ES 
nomenon, since its discovery by the famous French philosophers 
Descartes in the seventeenth century, has interested and puzzled: 
students of perception. In the latter part of the last century, experi- 
ments were performed in which special glasses were worn so that: 
the retinal image was erect rather than inverted. This is accom 
plished by inverting the image before it reaches the eye so that when 
the eye goes through its normal process of inversion, the end prod- 
uct is an erect retinal image. More recently, the Austrian psycholo- 
gist, Ivo Kohler, has repeated and extended some of these early 
experiments. He has shown, in confirmation of earlier studies, that 
after a relatively short period of confusion, including some discom- 
fort and even sickness, the subject learns to adjust to the inverted 
image so that he is able to move about normally even though the 
world appears upside down. More strikingly, after an even longer 
period of time, the world actually appears right side up. This entire 
process, given the appropriate conditions for relearning, can take 
place in less than one week. When the inverting glasses are removed, 
the world again appears upside down, but relearning is accomplished 
quickly. 

The inverted image experiments demonstrate several important 
principles. First of all, in relation to much of the earlier discussions 
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about this phenomenon, it proves that in the nervous system there 
is no fixed up or down with regard to the perception of the retinal 
image. The old philosophical problem of how we can see right side 
up when the image is upside down has meaning only if one assumes 
that the brain responds uniquely to the direction of the retinal 
image. The inversion experiments suggest that visual direction is 
learned and that the orientation of the retinal image is not critical 
to our perception of upness or downness. 

Secondly, the studies show us the extent to which we can relearn 
visual habits. The subjects in the inversion experiments were adults 
who had many years of visual experience with an inverted retinal 
image. In the course of less than a week, they were able essentially 
to relearn habits that had been practiced during their entire life- 
times and to adjust successfully to a completely new mode of retinal 
image orientation. This emphasizes the extremely important contri- 
bution of the learning process to perception and suggests, further- 
more, that learning normally plays an important part in perceptual 
development. The assumption is simply that if a process can be 
retained or changed, it is reasonable to assume that we are dealing 
with a learned phenomenon. 

The experiments of Kohler and others in this field have also indi- 
cated some of the conditions under which perceptual learning and 
relearning take place. For example, in the Kohler experiment, a 
Subject who had been wearing the glasses for a day or so would 
see the world as upside down if he sat passively looking about. 
However, as soon as he moved and touched the objects around him, 
the world seemed to "flip over" and appear erect. It would seem, 
therefore, that a necessary condition for relearning is active move- 
ment of the individual. A passive observer wearing inverting glasses 
would be expected to relearn and adjust extremely slowly, if at all. 
This line of reasoning has been recently extended in a most inter- 
esting series of experiments by Professor Richard Held and his 
colleagues [3].1 Held substituted for the inverting lens prisms that 
displace the apparent position of objects in the visual field. A sub- 
ject wearing such prisms will at first miss the mark when he reaches 
for objects. After a period of time, as in the inversion experiments, 
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the subject adjusts to the glasses and performs normally. The con- 
tribution of Held has been to specify the conditions under which 
relearning actually takes place. He devised a simple testing box 
illustrated on page 98. The subject looking into this box observes 
a mirror in which is reflected an image of a target. If a subject at- 
tempts to indicate by marking with a pencil where the target is, he 
will do so with a negligibly small error. If, however, he wears 
prisms that displace the image to the right, he will make a pre- 
dictable error in locating the target away from its true position. 

Using this apparatus, Held discovered that one of the important 
conditions for adjusting to the displacement of the prism is the 
self-activated movement of the subject. For example, if the subject 
wears the prisms and moves about normally, he will soon adjust to 
the displacement of the prisms and gradually locate the target in 
its true position. If, however, the subject sits passively, or is moved 
about by someone else, for example in a wheelchair, very little, if 
any, relearning takes place. Held emphasizes that relearning is de- 
pendent upon the self-initiated activity of the individual. By infer- 
ence, the visual-motor learning of the child is also aided by his 
self-produced movement. Perhaps the typically energetic activity of 
young children is necessary for normal visual-motor learning! 

The extent to which perception is learned, although strikingly 
demonstrated in these experiments, is not adequately conveyed by 
laboratory studies. Consider, for example, the fact that human 
beings can easily recognize individuals by their faces. In fact, the 
human face is the most frequently used perceptual stimulus on 
identification cards, in school yearbooks, and even in the familiar 
“wanted” posters that appear in federal post offices. On what basis 
do we make such discriminations? This is a question of considerable 
practical importance, not only for purposes of identification, but 
from a theoretical point of view. Unfortunately, there are no experi- 
ments in perception that will now permit us to analyze fruitfully 
this situation. We do know, however, that this phenomenon is 
learned, that it can be acquired by young children, and that once 
learned it can be extremely stable. Consider that it is possible to 
recognize individuals one has not seen for 20 or 30 years despite the 
passing of time and the inevitable changes in appearance. It is 
certain that future research in perception will be directed toward 
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this problem. At present, we must be content simply to point out 
that this is a dramatic example of percepual learning. 

Although we are not able to explain how the recognition of the 
human face takes place, we do have some information regarding the 
analagous phenomenon in the field of auditory perception. If you 
hear someone with whose voice you are familiar greet you with the 
word hello, chances are that you can identify the speaker quickly 
and accurately without seeing him. For individuals whom we know, 
only a few words are required to establish their identity. This abil- 
ity is not confined to human beings. It is a relatively simple matter 
to train a dog to respond only to the commands given by one indi- 
vidual. Evidently there are sufficient differences in the voices of 
individuals to allow for accurate discrimination. 

Progress toward identification of the physical basis of this phe- 
nomenon has recently been reported by Dr. L. G. Kersta of the 
Bell Telephone Laboratories (Kersta, 1962). Dr. Kersta has dis- 
covered that the physical attributes of speech are almost as charac- 
teristic of the individual as his fingerprints. Dr. Kersta makes "voice 
prints" that reveal the pattern of voice energy at the various levels 
of pitch. Such prints, made by various individuals, are so unique 
that they can be matched visually as a means of positive identifica- 
tion of the speaker. It is not possible to alter one's voice print by 
disguising the voice, Although it is possible to mimic another indi- 
vidual so that the voices sound the same, the voice prints remain 
typical of the speaker. Although this field is relatively new, it is not 
unreasonable to assume that future research will permit as accurate 
identification with voice prints as is now possible with finger- 
prints. 

The ability to identify the minute variations in the voice of an- 
other individual is not confined to the human species. Paul Mun- 
dinger of Cornell University has recently discovered that this ability 
also exists in the American goldfinch. A member of this species is 
able to differentiate the calls of its mate from those of other mem- 
bers of the species. According to Mundinger, the goldfinch forms 
pair bonds approximately two months before nesting takes place. 
“Throughout this long ‘engagement’ period, and during nest build- 
ing and incubation, the pair can maintain vocal contact. The male 
when in flight utters a flight call, and when the female is perched 


-— 


The Learning Process in Perception 25 


or incubating, she will respond to the male’s flight call with a char- 
acteristic vocalization.” 

In order to test whether the female will respond only to her own 
male's vocalization, Mundinger played back to ovulating or incu- 
bating females the taped recordings of their mates, as well as re- 
cordings made by other males, and observed the response by the 
female. The data suggest that the female can single out and respond 
to the recorded call of her own mate as different from that of other 
males. Although, as is the case with humans, we do not ordinarily 
identify individuals on the basis of vocal cues alone, sufficient 
subtle differences in voice quality can apparently form the basis for 
accurate identification. 

Mundinger states further: "In the field, I can recognize indi- 
vidual males by their characteristic vocal quality and the pattern 
of their flight call. I have never definitely heard a female respond 
to a male other than her own mate even though for periods of 20- 
30 minutes five to eight or more males may fly over her calling the 
flight call.” Although, the identifying physical characteristics that 
form the basis for this adaptive discrimination have not been ana- 
lyzed, it is interesting to note the subtle, and perhaps even senti- 
mental, quality of this learned perceptual capacity. 

The identification of individuals by means of faces and voices is 
similar in that both involve perceptual learning. The exact process 
by which such learning takes place has not been discovered. In 
fact, only in the case of voice identification can we specify with 
any reasonable degree of accuracy the stimulus responsible for the 
discrimination. There are, however, two principles to be learned 
from these facts. First of all, perceptual learning does take place in 
the interest of adjustment. It is important for us to recognize indi- 
viduals, which we can do given the appropriate conditions of ex- 
perience. Secondly, and perhaps more importantly from the point 
of view of this essay, we need not be aware of the stimuli to which 
we are responding. Before the work of Kersta, we knew that indi- 
viduals could be recognized by their voices. Based on Kersta's work, 
we now have some notion as to the physical basis for the discrimi- 
nation. However, the observer making a voice identification would 
never be able to uncover these physical differences—they can only 
be obtained by elaborate physical analysis such as Kersta's. In 
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general, we learn to respond to and use cues of which we pini 
aware. Although we use the cues in everyday perception, we ca т 
identify ог describe them verbally, this being a task for experimen 
lysis. 
UE p in the beginning of this chapter, the phenomenon = 
learning or modification of behavior by experience is perhaps m 
most intensively studied problem in modern psychology. NEM 
various aspects of learning are treated as separate topics in к Я 
mentary psychology courses—for example, conditioning, амр. 
formation, verbal learning, perceptual learning, and so on. tw 
we recognize that the discrete treatment of various areas may be d 
sirable if not necessary from the pedagogical point of view, it ШОШ 
be pointed out that all aspects of learning, no matter how classifie | 
have much in common. For example, the phenomenon of perceptua 
constancy, a classic topic in perception, may be described as a cone 
stant response to a wide variety of physical stimuli. This description 
bears a definite formal similarity to that of stimulus generalization, 
in which a variety of stimuli similar to the original conditioning 
stimulus has the potential of evoking the conditioned response. Simi- 
larly, it is highly probable that concepts such as man, Lupe 
coal, and so on, contribute to the phenomena of size, shape, eno 
brightness constancy by associating a number of different stimuli 
under a given verbal designation. The close relationship to concept 
formation and verbal learning is obvious (Graham, 1951). 
Fortunately, the more we investigate various phenomena in psy- 


chology, the more apparent are their similarities. As we learn more 
about conditioning, stimul 


cept formation, we will b 


perceptual learning with the many other categories of modification 
by experience. 
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The most important implication of this chapter is that perceptual 
learning is a field with considerable potential for experimentation. 
Perception would be of little use to the organism if it were not modi- 
fiable by experience. In this respect, it has much in common with 
other aspects of psychology. This potential represents both a chal- 
lenge and a hope. We know that human nature is not fixed; that we 
can better the lot of mankind by the appropriate application of well- 
established principles of behavioral modification. To accomplish 
this task, we will need to develop and refine our knowledge of the 
fundamental facts underlying behavior and experience, a not insig- 
nificant aspect of which is the process of perceptual learning. 


CHAPTER 


Perceptual Selectivity 


AT ANY ONE MOMENT, OUR SENSE ORGANS ARE RECEIV- 
ing various kinds of stimuli, As these lines are being read, there are 
probably sounds and odors present; pressures of your chair against 

cts in your environment other than the words 


about events that have taken place in the 
ace in the future. The ability to select em 
ble inputs is referred to in the psychologica 
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ment that do not in fact exist. Such false perceptions are called hal- 
lucinations. They prevent one from adjusting to his environment, 
because it is not possible to distinguish hallucinations from true per- 
ceptions. Hallucinations may occur as a result of extreme fatigue or 
as a result of certain drugs or alcohol. However, they usually ac- 
company serious mental illness and should be treated accordingly. 

Although psychologists have been aware of the importance of 
attention for many years, relatively little is known about it. We do 
know that attention may be influenced by motivation. We per- 
ceive to a great extent what we want to perceive. As you travel 
through the streets of a city, you are more apt to notice the restau- 
rant signs if you are hungry, barber shop or beauty salon signs if 
your hair needs attention, mail boxes if you want to mail a letter, 
and so on. In other words, we select from the many possibilities 
of perception those which relate to our needs at the moment. 

Attention is also determined by past experience. А young coed 
walking on the street of a college town may be perceived as a po- 
tential customer by the proprietor of a local dress shop, as a pos- 
sible date by a male student, or as a future baby sitter by a mother 
with young children. A hair dresser may notice that the coed's hair 
is naturally curly; a chiropodist may notice that her feet are flat; 
and a physician may wonder whether or not a slight skin blemish is 
an allergic reaction. We do not perceive indiscriminately but rather 
attend to those factors that have become meaningful to us through 
past experience. Again we see that the human organism is not a 
passive receiver of stimuli, a point of view that is also illustrated in 
other chapters of this essay. 

So far in this chapter the discussion has been concerned with ex- 
amples of the quality of perception, that is, what is perceived. An 
important aspect of the study of perception has been the determina- 
tion of how much can be perceived. For example, if you are told 
that the street number of a house in which you are interested is 135, 
you will have little difficulty in perceiving and remembering these 
three digits. Our "span" or "quantity" of attention is greater than 
three digits. However, if you were told verbally that your student 
number is 190121573, you would have difficulty in remembering it 
exactly and would probably ask to have the number repeated so 
you could make a written record of it. The number of items that 
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can be perceived in a short time period is limited to about seven. 
If a subject is asked how many dots were flashed on a screen, he 
could accurately report up to about seven. The subject reports the 
number immediately with hardly any error (Kaufman, Lord, Reese, 
& Volkmann, 1949, Miller, 1956). However, if more than seven 
items are presented, the number of errors increases sharply, and the 
confidence of the subject in his estimation is reduced. It is interest- 
ing to note that some individuals have difficulty in remember- 
ing the seven digits usually used for telephone numbers. Since 
seven is the average Span of attention, it is not surprising to 


find individuals for whom Seven items exceed their attention 
capacity. 
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Ficure 2, Upper: A tilted room. The direction of up and down, as given 
by visual cues, corresponds to the orientation of the walls of the room indicated 
by V. The direction as indicated by gravity is indicated by G. Lower: Explana- 
tion of the “ball that runs uphill.” The runway actually slopes to the left in 
relation to the true horizontal, but appears to slope to the right in relation to 
the apparent horizontal. The ball rolling to the left appears to run uphill! 


gravitational vertical or horizontal and the perceived vertical and 
horizontal are both indicated. Keep in mind that the observer's 
attention is dominated by the visual cues, and that the gravitational 
cues tend to be ignored. The runway will then be perceived with 
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reference to the room as slanting upward, although in relation to 
Bravity it is really sloping downward, as indicated by its relation 


stration! 

A wide variety of tricks is possible in such a room, many of which 
can be seen in the commercial amusement houses throughout the 
United States. For example, water appears to fall at an angle; a 
pendulum swings through a strange arc; dishes appear to be “pulled” 
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more information comes to us through our eyes than through any 
of our other senses. 

The study of attention and its disorders is fairly prevalent in 
modern psychology, although neither the selective aspect of per- 
ception nor the process of attention is usually identified as such. 
For example, studies of distraction in the industrial environment 
are essentially concerned with attention. A typical question is 
whether unwanted noise is detrimental to production. In terms of 
our discussion we might ask to which aspect of stimulation the 
worker attends, the extraneous noise or the stimulation provided by 
his work. Essentially the distracting noise presents an alternative 
possibility for attention, and the choice made by the worker will 
determine, to a large extent, his productivity (Poffenberger, 1942). 

A significant proportion of the effort in advertising industry is 
directed toward attracting the attention of the consumer. Color, 
movement, size, and sex and prestige symbols have been shown to 
have an inherent ability to attract attention and are freely used in 
advertising media. The manufacturers and merchants are literally 
competing for the attention of the consumer. It is a basic fact of 
merchandising that a necessary condition preceding a purchase is 
an awareness of the product to be offered. An instructive exercise 
is to analyze advertisements in terms of the bases on which they 
make their bid for our attention. Roadside billboards or magazine 
advertisements provide appropriate material for analysis. 

Attention also plays a significant role in interpersonal relations. 
Dale Carnegie, author of the best seller of several decades ago 
How To Win Friends and Influence People, stated that the highest 
compliment we can pay another individual is to give him our un- 
divided attention. In the present context, we might paraphrase 
Carnegie and state that it is flattering to an individual when, in 
competition with all the stimuli that compete for our attention, we 
choose to listen to him. Either statement is correct and well worth 
keeping in mind. 

Disorders of attention are a common occurrence. Students com- 
plain, for example, that they cannot “pay” attention to their profes- 
sors. It might be asked, then, why the student selects to attend to 
something other than the stimulation provided by the lecturer. 
Perhaps the student is not interested in or motivated to learn about 
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the subject being discussed. Perhaps the problem has an emotional 
basis. The lecturer may be dull or the student sleepy. In any event, 
the reason for the inappropriate selection is the goal of the guidance 
counselor or psychotherapist. Bad habits are also a result of a modi- 
fication of attention. The chief difficulty with habits such as nail 
biting is that the individual is simply not aware of what he is doing. 
The habitual act has been repeated so often that the awareness of 
it has diminished, A method of treatment is to focus attention on 
the undesired act by one means or another. The typist who con- 
tinually types hte for the is not aware of the error until after it has 

een committed. In order to correct the mistake it is necessary that 
she be aware of the act beforehand. One method of correction that 
has been successful is to purposely type the error many times in 
order to bring the act back into awareness, where it can be con- 
Sciously avoided (Dunlap, 19392). 

The study of attention has exposed the reader to wide variety of 
phenomena. The ubiquity of the study of perception is well illus- 
trated by the multifarious nature of attention. Whenever we are 
awake we attend to something. Even in order to read these pages, 


it was necessary to invoke selective perception. Hopefully this selec- 
tion will prove to have been worthwhile, 
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CHAPTER 


Motivation and Its Role 


in Perception 


THERE IS A FAMILIAR SAYING THAT “WE SEE WHAT WE 
want to see." Stimulation of the sense organs does not produce, as 
has been pointed out in this essay, а fixed, mechanical, predictable 
perceptual experience. Rather, the final awareness resulting from 
stimulation is subject to various transformations, alterations, and 
corrections. During this process, the wants, needs, fears, and ex- 
pectations of the observer have ample opportunity to modify and 
even distort what is finally perceived. The following incident cited 
by William James, the pioneer American psychologist, from his own 
experience, illustrates the effect of uncertainty and perhaps even 


anxiety on perception: 3 


Sitting, reading, late one night, I suddenly heard a most formidable 
noise proceeding from the upper part of the house, which it seemed to 
fill. It ceased, and in a moment renewed itself. I went into the hall to 
listen, but it came no more. Resuming my seat in the room, however, 
there it was again, low, light, alarming, like a rising flood, or the avant- 
courier of an awful gale. It came from all space. Quite startled, I again 
ran into the hall, but it had already ceased once more. On adjourning 


1 William James, Principles of Psychology (New York: Holt, Rinehart and 
Winston, Inc., 1890). Reprinted by Dover Publications, 1950. 
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to the room the second time, I discovered that it was nothing but the 
breathing of a little Scotch Terrier which lay asleep on the floor. 


All of us can probably recall similar incidents from our own ex- 
perience in which stimulation was misperceived and distorted as a 
result of motivational or emotional factors. An interesting example of 
such effects on a large population of individuals is the recent and 
reoccurring reports of unidentified flying objects. During the past 
ten or fifteen years there have been numerous reports from indi- 
viduals throughout the country who claim to have seen aircraft of 
odd shapes, usually circular, that travel at fantastic speeds and are 
presumed to represent "invaders" from other planets. There have 
even been reports of landings, after which strange-looking creatures 
have been said to emerge. Such reports not only are numerous, 
numbering in the thousands, but are taken as serious evidence of 
the existence of higher forms of life and of an advanced space 
technology on other planets. Naturally the veracity of these observa- 
tions is a matter of grave concern; if true, the implications for our 
national security, to say nothing of our space program, would be 

revolutionary. 

Based on analysis of such reports from untrained volunteeer ob- 
servers, one cannot state with certainty that such spacecraft do or 
do not exist. However, one can examine the reports within the con- 
text of our knowledge of visual perception to determine what bases 
may exist for the observations. Because the perceptual system of the 
human observer is by no means infallible, it is possible that some 
of the reports may be "explained" as misinterpretations based on 
fear, lack of knowledge, social pressures, or expectations. For ex- 
ample, the misinterpretation of the exhaust from jet aircraft, the 
reflection of sun from an airplane, and various meteorological phe- 
nomena, it is felt, could well be the bases for many of the reports of 
unidentified flying objects. In addition, there are a number of factors 
within the structure of the eye itself that might be responsible. We 
know that the humors of the eye, the fluids inside the eyeball, con- 
tain imperfections that can cast shadows on the retina. We also know 
that under conditions in which one observes a uniform surface, 
such as the sky, these shadows as well as blood cells that are con- 
tinually passing in front of the retina may become visible. These 
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can be noticed by staring at a blank sheet of paper that is strongly 
illuminated. The observer who is unaware of these phenomena, and 
by virtue of his curiosity, fear, or social pressure is "looking for" 
flying saucers or other strange aircraft, may well misinterpret these 
ambiguous stimuli. It is understandable that what one perceives 
under these conditions might be misinterpreted to be what one is 
actually expecting to see. It is not claimed that all such reports are 
false, Rather, the point to be made here is simply that a knowledge 
of visual perception and of the effect of motivation requires us first 
to consider the strong possibility that the reports have much simpler 
explanations before assuming that we are being invaded by creatures 
from outer space. 

In some instances, such as those described above, the effect of 
motivation on perception is undesirable, because it decreases the 
reliability of the observer (Poffenberger, 1942). In the field of law 
. the unreliability of observers is notorious and poses a major problem 
in the courts. If there are ten witnesses to an accident, the ten 
reports will probably differ significantly. In fact, if you ask a number 
of observers to look at a photograph, say from a magazine, the 
variability of their reports will be amazingly high. 

On the positive side, it is possible to take advantage of this vari- 
ability in perception in order to tell us something about the indi- 
vidual. In the assessment of individual differences and personality, 
an attempt has been made to provide subjects with ambiguous 
stimuli, assuming that the reports given will reflect meaningful 
aspects of the observer's personality. Perhaps the best known of 
the “projective” techniques is the Rorschach ink-blot test. This test 
consists of a series of figures that have literally been made by 
ink blots. The subject is shown the ink blots and asked to describe 
what he sees. It is assumed that because he is objectively looking 
at an ink blot, what he reports must, of necessity, reflect his own 
motives, needs, desires, and so on. The stimulus itself is said to be 
"unstructured" and is chosen to produce no definite response on 
the part of the subject. The Rorschach test has been used extensively 
as a method for differentiating among individuals and for assessing 
personality. At the present time some serious problems exist regard- 
ing the scoring and interpretation of this test. However, it and other 
projective techniques have a reasonable basis in the known effects 
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of motivation on perception (Lindzey, 1961). There is no question 
that some relationship between these variables exists. Ambiguous 
stimuli can evoke responses that have their origin in the personality 
structure of the observer. The practical problem is one of devising 
a satisfactory method of scoring and interpreting these responses. 

A relatively large portion of the literature in this field has been 
concerned with the effects of perception on needs and wants. Psy- 
chologists have shown experimentally that the perceived size of 
postage stamps and other objects depends upon their monetary 
value. There is some indication that the perceived size of coins by 
children depends upon their needs. It has been claimed that 
“wealthy” children will perceive the same coin as being smaller than 
will a “poor” child of the same age. (See Woodworth & Schlosberg, 
1954.) Ап interesting extension of this line of investigation has been 
the influence of prestige on perceived size. For a young child the 
size of an individual is of great importance. To a first grader a 
third-grade student is a very strong and powerful person. This is 
reflected in the language of the young child, who often associates 
size with strength and power. It is not unusual for a youngster to 
overestimate the size of someone who is in a position of authority— 
for example, his school principal—or to underestimate the size of 
another adult who is not viewed as an authority or power figure. 
This hypothesis has been tested by a Belgian psychologist, Jacques 
Bude, who demonstrated that those individuals in a group of boys 
who are strong and dominant are perceived as taller than those 
boys who are less strong and dominant (Bude, 1960). We know, 
of course, that perceived size is by no means a simple matter. Rather, 
it is influenced by context, by experience, and in the present case by 
the "value" ascribed to it by the observer. 

Perhaps the most extreme example that one can find of the effect 
of motivation on perception is the dramatic distortions of perception 
that take place as a result of hypnosis. Under the hypnotic trance, 
which can be viewed as experimentally induced motivation, our 
perceptions can undergo all sorts of predictable alterations. Water 
can be made to "taste" like champagne, like a bitter fluid, or like 
any other substance suggested by the hypnotist. A pencil point 
placed gently on the skin may be perceived as sharp, hot, or cold. 
We know of course that hypnosis is only an extreme form of sug- 
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gestion and that suggestive influences operate subtly and commonly 
in everyday life. Indeed, the untrained human being is not a very 
good observer of complex perceptual events. The realization of 
this fact is not only important in law and science, but in our personal 
lives as well. If we admit the possibility that people can honestly 
give different reports of the same objective scenes, we will have 
made a significant step toward the understanding of one of the basic 
facts about human behavior. 

The effect of motivation on perception is well illustrated in the 
paper by Leuba and Lucas. [4] * By using hypnosis, which may be 
considered as experimentally induced motivation or attitude forma- 
tion, the same picture evoked significantly different responses, de- 
pending upon the attitude induced by the hypnotist. It is fortunate 
indeed when everyday experience and laboratory experimentation 
lead to the same conclusions. 

The subtle example of the influence of motivation on perception 
was demonstrated accidentally in relation to experiments on dis- 
torted rooms. It is possible to build a room that, although not 
rectangular, appears so to the observer. This is accomplished by 
constructing the room as indicated in Figure 3. The dimensions of 
the room, however, are carefully calculated so that from the point of 
view of an observer looking into the room from the position indi- 
cated, the room appears normal. If, however, we place individuals 
in the windows of the room, they will appear grossly distorted in 
size. This room, devised by Dr. Adelbert Ames, was used extensively 
on research in perception at Princeton University (Ittleson & Kil- 
patrick, 1951). Most individuals looking at such a room will report 
that the room looks normal, but the individuals appear to be different 
in size. However, Dr. Warren Wittreich [5], working at Princeton in 
one of these rooms, discovered that when one of the faces bears a 
"special relationship" to the observer, such as a fiance or wife, the 
faces are perceived as normal and the room distorted. In other 
words, the conflict regarding whether the face or the room is normal, 
although usually resolved in favor of a normal room and an ab- 
normally sized face, is seen under special conditions of motivation 


to be resolved in the opposite direction. 


? Bracketed numbers refer to readings in Part Two. 


Ficure 3. Schematic uno comparing a normal room (upper) with a 
distorted room (lower). In the normal room, the windows are the same size. 
In the lower room, the left window, which is farther away, has purposely been 
made bigger than the right window. As a result of the perspective design of 
the room, both windows appear, from the indicated observation position, to 
be the same size. However, a human head in each window under normal cir- 
cumstances will appear relatively smaller on the left, both because it is farther 
away and because it is framed by a larger window. 
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This phenomenon has been called the *Honi" effect, because it 
was first observed by an especially devoted couple, one of whom 
was nicknamed “Honi.” It illustrates the fact that perception and 
perceptual compromise are strongly affected by motivational vari- 
ables. The very simple comment that “we see what we want to see" 
and do not see what we do not want to see has a firm basis in 
experience and laboratory experimentation. The Honi effect demon- 
strates experimentally the phenomenon that is implied by the fa- 
miliar statement "love is blind." In this context, of course, it would 
be more correct to say that love affects perception, but the end 
result and meaning are the same in both cases. 


CHAPTER \ | || 


Illusions: The Fallibility 


of Perception 


PREVIOUS CHAPTERS HAVE POINTED OUT THAT SUBSE- 
quent to stimulation of the eye by light, a number of transformations 
take place before awareness occurs. In general, these transformations 
are in the interest of the biological adjustment of the organism in 
that the end result is a correct or true perception of the external 
world. Occasionally perceptions take place that are incorrect, the 
true state of the environment being misperceived. Such incorrect 
perceptions are referred to as illusions and are perfectly normal 
experiences. In Figure 4 and on page 81 are illustrated some 
examples of illusions such as usually appear in elementary textbooks. 
(For a more extensive presentation see Luckiesch, 1922. ) Typically 
illusions are merely presented as demonstrations, with no attempt 
to explain their origin or significance. 

From a scientific point of view, an unexplained illusion represents 
an undesirable state of affairs. The same perceptual system that 
operates in everyday life must, of necessity, be set into action when 
observing an illusion. Logically, an illusion represents much more 
than an anomaly and should, more correctly, be considered an indi- 
cation that our knowledge of fundamental laws of perception is 
inadequate. Illusions, in this context, can serve as guideposts indi- 
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FicunE 4. Some examples of optical illusions. Top: The illusion of Ponzo. 
Are the two horizontal lines of equal length? Middle, left: 1Ё the lower half of 
the diagonal were extended, would it meet the upper half? Middle, right: Are 


the two horizontal lines of equal length? Bottom: Are the pairs of horizontal 
lines parallel? 


cating in which direction future research in perception should be 
aimed. 


This point of view has been well illustrated by the German physi- 
ologist Erich von Holst (von Holst, 1957). He argues that the basic 
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structure of many illusions can be identified in everyday perception. 
Consider as an example the illusion illustrated in Figure 4, usually 
referred to as the illusion of Ponzo. The horizontal lines are drawn 
to be of equal length, but the one nearer the open end of the figure 
appears smaller than the one nearer the closed end. It is interesting 
to note that knowledge of the objective equality of these lines does 
not destroy the illusion. On the contrary, if the reader will actually 
measure the lines so as to be convinced of their equality, his per- 
ception of their length will nevertheless remain unequal and illusory. 
In general, illusions are unaffected by knowledge of the true state 
of affairs. 

How can one explain this compelling phenomenon? In Figure 5 
von Holst has illustrated how the basic components of the Ponzo 
illusion can be identified in a familiar viewing situation. We have 
all had frequent experiences with similar scenes during our lives. 
In comparing these two figures we have a vivid example of the 
point of view that the elements of illusory figures are in fact, the 
figures themselves, familiar perceptual experiences. Therefore in 
viewing the illusory diagram in Figure 4 we will make use of per- 
ceptual mechanisms that have a long history of use in our past 
experience and would be expected to manifest themselves as active 
factors in the perceptual process. 

In the case of the Ponzo illusion, the mechanisms of size constancy 
would be applicable. It would be argued that size constancy repre- 
sents a "correction" for the diminishing size of the retinal image 
as the distance of objects is increased. A potent indicator of distance 
is the convergence of straight lines such as are represented by the 
sides of the road in our illustration, telephone wires, the walls of 
rooms and corridors, railroad tracks, and so on. The convergence of 
lines serves as an indicator of distance and implies that the observer 
should make a "correction" by increasing the subjective size of 
distant objects. This correction would compensate for the decrease 
in retinal image size that normally occurs when distance is increased 
and would result in a more true perception of the environment. 
This mechanism serves an important and appropriate role in every- 
day vision in helping to produce the size constancy effect. However, 
when the same elements are taken out of context and presented in 
an illusory figure, the effect of correction for the diminishing retinal 
image size of distantly located objects is brought into play inap- 
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propriately and results in an illusory experience. What we have 
here is a perceptual mechanism appropriate to normal viewing but 
producing an incorrect perceptual experience in an artificial viewing 
situation. Thus the illusion should not be considered merely as an 


anomaly, but rather as the misapplication of one of the mechanisms 
of size constancy. 


FrcunE 5. Sketch by von Holst illustrating the similarity between the illu- 
sion of Ponzo and a typical scene from everyday life. Are the two horizontal 
logs of the same length? (After E. von Holst, Studium Generale, Vol. 10, pp. 


231-243 (1957), Springer-Verlag, Berlin, Góttingen, Heidelberg. Used by 
permission. ) 


As a test of this hypothesis the author investigated the develop- 
ment of size constancy as well as the magnitude of the Ponzo illu- 
sion in children of various ages. In confirmation of the assumption 
that they have a common origin, it was discovered that both size 
constancy for distant objects and the Ponzo illusion increase with 
age at a similar rate, Furthermore, neither is affected by intellectual 
level or education, pointing to the important role played by experi- 


ence in the development of their common mechanism (Leibowitz 
and Heisel, 1958). 
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A dramatic example of the role played by illusions in focusing the 
attention of psychologists on important relationships occurred in the 
early part of this century with réspect to the illusion of apparent 
motion. If two lights are flashed intermittently at various rates, a 
speed of alternation will be reached at which the two lights, instead 
of appearing to flash on and off, which is the true state of affairs, 
will appear to move back and forth between their respective loca- 
tions. This is the illusion of apparent motion with which we are all 
familiar by virtue of its applications in advertising signs and motion 
pictures (Kolers, 1964). In the case of the motion pictures, the rapid 
flashing of successive photographs at the correct rate produces an 
illusion of motion that is so real that it has provided the basis for 
both the motion picture and television industries. 

In the early part of this century the German psychologist Max 
Wertheimer became interested in explaining the apparent motion 
illusion. For Wertheimer the problem was important not only be- 
cause of his interest in the illusion per se, but because the theoretical 
framework provided by many of his contemporaries seemed to him 
to exclude the possibility that the illusion should even exist! During 
this period the psychological school of structuralism, which argued 
that one should study the elements of experience, was in vogue. In 
the case of the apparent motion illusion this approach failed to 
suggest an explanation, because the elements were simply two flash- 
ing lights. Thus the apparent motion represents an aspect of experi- 
ence that is not in the elements of stimulation and must, according 
to Wertheimer, be supplied by the observer, This approach, stressing 
the contribution of the observer to perception, led to the develop- 
ment of the Gestalt school of psychology in opposition to the then 
popular structuralism. The gestaltists have contributed immensely 
to our knowledge and understanding of perception by analyzing 
the ways in which the organization of mental processes shape and 
influence perceptual experience. It is unfortunately not possible to 
elaborate on their specific contributions in this essay. However, it is 
important to note that this historic and fruitful approach to the 
problems of psychology was initiated by the discrepancy between 
the illusion of apparent motion and the then contemporary knowl- 


edge and methods of approach in the study of visual perception 
(Woodworth & Sheehan, 1964) А xa 
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Although all of the many illusions identified to date have not: 
played such an important role in the history of psychology, it is 
clear that the scientific study of illusions is not only interesting but 
profitable. In the field of perception, several illusions have been 
explained in terms of normal mechanisms, for example, the Ponzo 
illusion. Other illusions have stimulated research directed toward 
the identification of such mechanisms. Of particular interest is the 
study of the moon illusion, which results from the fact that the moon 
appears larger near the horizon than it does when viewed higher 
in the heavens. It has been estimated that the moon, under ideal 
Observation conditions, appears two or three times larger at the 
horizon than when viewed overhead. This is an incorrect percep- 
tion, because the moon does not change size as it rises. Strictly 
speaking, it should appear somewhat larger when it rises because 
the overhead moon is actually slightly closer to the observer than 
when it is viewed near the horizon. The larger apparent size of 
the horizon moon is probably the oldest illusion observed, having 
been discussed in early Greek and Roman literature. Tracing the 
history of this illusion is a fascinating experience, because an un- 
usually wide variety of individuals have been challenged to offer 
an explanation. 

The explanations offered are numerous and varied. It has been 
suggested that because the horizon moon can be compared with 
familiar objects on the ground, it appears larger by contrast with 
terrestrial objects than the overhead moon, which is viewed alone. 
The fact that the horizon moon is seen through more atmosphere, 
and appears redder, has been offered. Other explanations include 
the position of the eyes in the head, the asymmetry of perceived 
space, and the differential development of size constancy in the 
horizontal and vertical directions. 

The paper by Rock and Kaufman [6] ! represents a recent attack 
on this compelling and persistent illusion by means of a novel ex- 
perimental approach. They conclude that the crucial variable is 
the presence or absence of terrain that would be visible when 
observing the moon at the horizon but that would not be as con- 
spicuous when looking at the moon higher in the sky. As Rock and 
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Kaufman point out, however, they are at a loss to explain the results 
of Boring's experiments, in which the illusion was attributed to the 
elevation of the eyes when observing the overhead moon ( Boring, 
1943). Although variations in conclusions between competent in- 
vestigators may seem contradictory, it should be pointed out that 
there were significant differences in apparatus and procedure in the 
two studies that could conceivably account for the discordant results. 
In every experimental situation there is always the risk that the 
particular experimental apparatus or procedure may contribute to 
the results obtained. It is only by the scientific procedure of con- 
tinually checking and cross-checking experimental conclusions found 
by different investigators that the correct results are finally ob- 
tained. Р 

With respect to Ње moon illusion, a more complete understanding 
of the basis for the effect as well as the resolution of the many con- 
flicts among competent investigators will be forthcoming when 
our knowledge of size, space, and distance perception and of size 
constancy has advanced sufficiently to treat the illusion as a special 
case of these more general phenomena (Boring, 1942). It may well 
turn out to be the case that there are a number of variables that 
might contribute to the moon illusion effect under different condi- 
tions. The nature of biological systems is seldom simple. 

Our brief treatment of perceptual 
an object lesson in the philosophy of science. A number of years ago 
a physician discovered an outbreak of a disease that was thought 
to have disappeared in modern hospitals when antiseptic conditions 
were introduced. His assistants were deeply embarrassed, because 
the mere presence of this disease was an indication that the hospital 
had been grossly negligent. They advised their chief to "cover up” 
the disease so that the chief and the hospital would not be publicly 
embarrassed. The head physician refused, stating that because the 
disease had never before appeared in a modern hospital, here was 
an opportunity to study it scientifically, The physician eventually 

ecame one of the outstanding members of his profession. His 
attitude toward the disease is equally applicable to the study of 
visual illusions. A serious student of perception should be embar- 


rassed by their presence. If, however, they are viewed as challeng- 


ing phenomena, the explanation of which will advance the state of 


illusions is intended in part as 
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the art in this field, their recognition can serve a most salutary pur- 
pose. The strength of the effort to better understand illusions will 
Serve as an indicator of the level of maturity in the scientific study 
of visual perception. 


CHAPTER 


Perception in Modern Technology 


LEST THE READER ASSUME THAT PERCEPTION IS PRI- 
marily an academic topic, it should be pointed out that a knowledge 
of perception and perceptual capacities can play an important role 
in modern technology. Consider, for example, the effect of the de- 
velopment of ever more rapid means of transportation. A human 
being walks at a speed of approximately four miles per hour. At this 
speed two human beings approaching each other have adequate time 
to change their direction and avoid collision. It is a rare event when 
pedestrians collide even in our busy modern cities. Human percep- 
tion, assuming normal vision and attention, is fast enough under these 
circumstances to give warning to the individuals and permit ade- 
quate time for evasive action. In a modern motor vehicle the 
demands placed on the human being are more stringent. Assume 
two automobiles are approaching each other at a speed of 60 miles 
per hour (88 feet per second) each. Under daylight illumination 
conditions the minimum time required for the drivers to sense 
danger ahead and to alter the course of their vehicles would be 
about 0.2 second. This is called the reaction time and results from 
the time required for the eye, brain, and muscles to react. This 0.2 
second is a minimum figure; lower illumination levels, increasing 
age of the driver, time required to make a decision, fatigue, and 


| 50 


Perception in Modern Technology 51 


many other factors increase this duration so that under most condi- 
tions a more reasonable minimum reaction time would be about 
0.5 second. This reaction time does not include time required for 
the vehicle itself to be altered by changing direction or stopping. 
It merely refers to the time required from the instant the light rays 
strike the eye until the muscles controlling the vehicle are energized. 
The greater part of this total reaction time consists of the time neces- 
sary for the perception of the situation. During this half-second 
interval, our two cars approaching each other at 60 miles per hour 
will have closed the distance between them by 88 feet. This means 
that the perceptual system of the human beings involved in these 
automobiles is essentially useless for emergencies that arise within 
the limitations of human reaction time. If two cars traveling at 60 
miles per hour and heading toward each other first become visible 
when the distance between them is 88 feet or less, a crash is inevita- 
ble. By the time the drivers can begin to turn their wheels or apply 
the brakes, the collision will have occurred. Motor vehicle specialists 
are very much aware of the importance of reaction time, and advise 
drivers to allow an adequate safety margin to compensate for the 
limitations placed on human driving ability by reaction time and 
the time required to brake or alter the course of the vehicle. 

If we look at even more rapid means of transportation, the time 
to perceive danger and to react becomes increasingly critical. The 
pilots of two airplanes approaching each other at 600 miles per 
hour will have closed the gap between them by a distance of 880 
feet during the half-second reaction time. As planes travel at even 
greater speeds, such as the supersonic transports now on the draw- 
ing boards, the problem is magnified proportionately, Two planes 
traveling at three times the speed of sound will have diminished 
the distance between them by over a half mile during the half- 
second reaction time period. An orbiting astronaut, moving at 
18,000 miles per hour, will travel approximately two and half miles 
during one half second. Despite dramatic advances in technology, 
human perception time remains unchanged and acts as a factor 
limiting the usefulness of the human operator. 

One may well ask at this point why human beings are used at 
all in these situations when the slowness of the perceptual system 
poses such problems. In modern technology there have been, in 
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fact, many successful attempts to replace the human being with 
more efficient mechanical systems. Radar permits airplane pilots to 
be aware of objects many miles beyond the limitations of human 
perception and to do so under adverse weather conditions. Radar 
can function at night or in fog when a human being would be 
essentially "blind." Radar, automatic warning systems, photocells, 
and so on, are in many applications faster, cheaper, and more re- 
liable than if the same job were performed by a human being. 
However, there are many tasks for which it is not feasible to 
replace the human being with automatic equipment. An historic 
example occurred during the Mercury Orbital Flight of astronaut 
Gordon Cooper in May, 1963. Although the Mercury system was 
designed to permit automatic reentry into the earth's atmosphere, 
difficulties arose that required astronaut Cooper to orient his space- 
craft manually prior to reentry and landing. Without the perceptual 
and motor capacities of the human being, it would not have been 
possible to bring the spacecraft safely back to earth. With Cooper 
available to supplement the automated equipment, the Mercury 
capsule was recovered only two miles from the planned impact 


point! A most remarkable and historic event! (See Mercury Project 
Summary, 1963.) 
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sary, one could also devise such a system to tell us how tall the 
people are, how fast they walk through the door, or how much 
they weigh. If, however, we wish to know how many are males and 
how many are females, the job becomes impossibly complex for a 
machine, but, of course, remains a very simple task for a human 
being. The principle here is that a well-defined repetitive task is 
easily handled by machines. More complex perceptual tasks that 
present many different alternatives are extremely difficult to auto- 
mate, but remain relatively simple for human beings. 

The problem of when to assign a task to a machine or to a human 
being, or more commonly what part of a task to assign to a human 
being and to a machine, is the job for a member of the relatively 
young discipline referred to as human engineering, engineering 
psychology, or human factors. Individuals in this field evaluate the 
roles played by men and machines and, based on a knowledge of 
the limitations and capabilities of both, make assignments accord- 
ingly (Sinaiko, 1961). A significant portion of their work involves 
a knowledge of perception. For example, the task very frequently 
assigned to the human operator, such as an airplane pilot, is the 
reading of dials and gauges. In order to maximize the contribution 
of the human being in this situation, the human engineer takes into 
account his perceptual capacities and attempts to design the indi- 
cator so as to eliminate errors, avoid confusion, and maximize the 
efficiency of the man-machine combination (Chapanis, 1953). 

The paper by Professor S. S. Stevens [7] 1 of Harvard University, 
written shortly after the end of World War II, described some of 
the human engineering problems faced by our military services 
during this conflict and the attempts by Professor Stevens’ labora- 
tory to contribute to their solution through experimental psychology. 
Psychologists are proud of their contributions, both military and 
nonmilitary, to our modern technology made through their efforts 
to effect ever more efficient use of the man-machine combination. 
Fortunately Professor Stevens' warning that experimental psychol- 
ogy should not ignore the problems of the military during peacetime 
was heeded. There are a number of active laboratories in operation 
today that seek to improve our knowledge of men and machines 


! Bracketed numbers refer to readings in Part Two. 
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both in the interest of keeping the peace and in an attempt to expand 
our basic knowledge of the human being. 

There has been serious thought given to the problem regarding 
the role to be played by the astronaut and his human perceptual 
capacities in our future space program. One function, of course, 
is as a "back-up" system, which, as in the case of astronaut Cooper's 
historic flight, would take over when automatic equipment failed. 
There are, however, other functions that will most probably depend 
heavily on the skills of the human being. For example, the rendez- 
vous of two vehicles in orbit, a maneuver planned as part of the 
moon exploration program, will prove to be most challenging from 
the point of view of technology. It will be necessary for the astro- 
naut to position his spacecraft so as to approach another spacecraft 
while both are traveling at a speed of about 5 miles per second. 
The ability of the human to estimate distance and to operate his 
controls so as to achieve the precise positioning necessary will place 
great demands on his perceptual system. Our basic knowledge of 
perception in the normal earth environment will be helpful in 
making predictions about perception in space. However, the un- 
usual environmental conditions involved in space flight may require 
additional information as to the effect of space travel on perceptual 
capabilities (Brown, 1964). 

The problem facing the human engineer has been most succinctly 
stated by Robert Boynton of the University of Rochester, who, 
while noting that we are now in a period characterized by phe- 
nomenal advances in electronic sensors, stated: “Everyday, it seems, 
we hear of further progress and refinements; equipment is becoming 
more compact, more versatile. However, we must admit that no one 
is ever going to redesign the human eye, so all we can do is to 
determine its capabilities and learn to use it more effectively.” ? 
It should be added that the success with which we accomplish this 
task determines, in no insignificant way, the rate of advance of our 
automated technology, the success or failure of our space program, 
and the efficiency of our military establishment. Perhaps in the 
catastrophic event of a national emergency the survival of our way 


2 Ailene Morris and E. Porter Horne, Visual Search Techniques a d 
ton, D.C.: National Academy of Sciences, National Research Council, 1960), 


p.v. 
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of life may be at stake. Walter Hunter, the late distinguished ex- 
perimental psychologist from Brown University, has stated our 
task simply and effectively: 


Should another war come, victory may well be, not on the side of the 
strongest battalions, not even on the side of the best guided missiles, but 
on the side which has gained a vital 10 percent in the successful handling 
of human factors problems.3 


? Human Factors in Underseas Warfare (Washington, D.C.: National Re- 
search Council, Committee on Underseas Warfare, 1949), p. viii. 
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Perception and the Nervous System 


IN THE HISTORY OF PSYCHOLOGY MUCH EFFORT HAS BEEN 
directed toward identifying the role that the nervous system plays in 
behavior and experience. These inquiries have included the problem 
of visual perception. One of the pioneer investigators in studying the 
relationship between the nervous system and perception is Lord 
Adrian of Cambridge University in England (Adrian, 1998, 1947). 
Lord Adrian demonstrated that the units of the nervous system, the 
individual nerve fibers, do not respond continuously when activated, 
but rather give off a series of sharp electrical discharges or "spikes," 
as illustrated in Figure 6. As the strength of the stimulus is increased, 
the effect on the individual cells is to increase the frequency of these 
discharges. However, there is a limit to the speed at which an 
individual element can be activated, the maximum being of the 
order of 1,000 spikes per second. Under no condition is it found that 
the individual cells respond continuously. 

This raises the question as to how perceptual experience can be 
continuous when the elements that form the basis of perception are 
responding essentially discontinuously. The answer is relatively 
simple. The individual nerve fiber response illustrated in the figure 
is obtained by isolating a single nerve cell either surgically or 
mechanically. In the intact nervous system, we have literally thou- 
sands of such nerve fibers responding together. Thus the continuity 
of perception is based on the combined action of many individual 
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nerve cells. I£ this were not the case, the world would look, as 
Adrian has pointed out, as if we were viewing it from a moving 
automobile through a picket fence. The importance of considering 
the combined action of individual nerve fibers has stimulated much 
work in the neurophysiology of perception. Let us consider as an 
example a classical problem in perception for which valuable infor- 
mation has been recently supplied by such studies. 

The human eye, in terms of its optical qualities, is very poor 
indeed. Helmholtz has stated that if an optician wanted to sell him 
an optical instrument that had as many defects as the human eye, 
he would be justified in strongly reprimanding the optician and 
returning his instrument (Helmholtz, 1962b). In an ideal optical 
instrument rays from a point source are focused at a corresponding 
point on the retina of the eye. This condition is never attained in 
living eyes. Rather, the more typical situation is one in which the 
rays from the object point are imaged over a fairly wide area. The 
failure of light rays from object points to meet in a common image 
point is referred to as the aberration of the eye. As an example of 
the problem raised by the presence of aberrations in the eye, 
Figure 7 (top) illustrates the ideal light intensity at the edge of a 
black line, such as one might see in reading black print, on a white 
background. Instead of the rectangular distribution of light, as 
illustrated by the theoretical curve at the top of the figure, one 
obtains spreading of the light at the borders, as indicated by the 
center curve. It would be natural to expect from this analysis that 
the border should appear fuzzy and not distinct and sharp as we 
know is the case in everyday life. For many years, students of visual 
perception have attempted to explain this paradox. Recently Drs. 
F. Ratliff and Н. К. Hartline of the Rockefeller Institute have dem- 
onstrated a mechanism whereby the nervous system essentially 
"corrects" for the imperfections of the retinal image (Ratliff & 
Hartline, 1959). The lower diagram of Figure 7 illustrates the 
recorded frequency of nerve impulses from single fibers of the eye 
of the horseshoe crab Limulus in response to stimulation by the 
light distribution produced by a border. Recalling that the fre- 
quency of discharge of the nerve fibers is the determiner of per- 
ceived intensity, it is interesting to note that the differences in 
light intensity which exist in the retinal image are actually exag- 
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gerated by the nervous mechanism of the intact eye. The fuzzy 
retinal image is actually "sharpened" and corrected by the nervous 
System. The mechanism by which this sharpening takes place is 
that of contrast. Each sensory cell exerts an inhibitory effect on 
every other cell and is in turn inhibited by every other activated 
cell. For the cells at the lighter edge of the retinal image, the net 
effect of stimulating the entire eye is to diminish the inhibitory 
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Although Ratliff and Hartline were studying extremely primitive 
eyes, there is ample evidence to support the point of view that this 
mechanism of interaction, referred to as contrast, is typical of all 
species. Thus the interplay of sense cells compensates for the imper- 
fections of the optical system of the eye and produces perceptions 
that are more in accord with reality than we would expect, know- 
ing that our retinal image is blurred. The results of Ratliff апа. 
Hartline are classic, and have gone a long way toward explaining 
one of the oldest and most troublesome problems of visual per- 
ception. 

There are other types of aberrations that do not fit the model of 
Ratliff and Hartline. For example, we know that the eye is not cor- 
rected for chromatic aberration. The retinal image of a point, besides 
being blurred by various types of geometrical aberrations, should 
also be colored, because the eye is not capable of focusing the vari- 
ous colors of light components precisely at the same retinal image 
point. Thus a prediction based on optics would suggest that the 
edges of all light objects should appear colored like the rainbow. 
We know that such a condition simply does not exist. The method 
by which this chromatic error is eliminated is not well understood, 
but it does seem to depend upon experience. This conclusion is 
based on the observation that if human beings wear glasses, either 
experimentally or to correct faulty eyesight, color fringes are pro- 
duced temporarily but in time simply disappear. This disappearance 
is complete within several days. Interestingly enough, when the 
glasses are removed, the subject sees colors that are the opposite of 
those he observed when he first put on the glasses. Thus it would 
appear that the nervous system somehow "adapts" to unwanted 
color fringes by building up an opposing response that cancels them 
out (Kohler, 1962). 

The results of the experiments on individual nerve cell activity 
and the cancellation of color fringes both indicate that the nervous 
system is definitely not a passive receiver of stimuli. On the con- 
trary, the nervous system reacts actively and modifies the excitations 
produced by light in predictable ways. The German physiologist 
von Holst has pointed out another interesting example of the way 
in which the nervous system serves actively to modify visual per- 
ception. Among insects there are a number of examples of responses 
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that follow automatically upon the application of a stimulus. The 
dragon fly Eristalis shows such a response when it is placed in a 
drum lined with vertical black and white stripes. As the drum is 
rotated, the fly "follows" the movement of the stripes. It is "as if" the 
nervous system of the animal were "locked in" to the movement of 
his environment. Many animals exhibit such innate reflex activity. 
However, the reflex nature of this response raises an interesting 
question. If movement of the stripes forces the animal to respond 
by moving in the same direction, what is the result when the animal 
itself moves its body? When the animal moves, there is motion of 
the stripes in the eye of the animal, a condition that should evoke 
the reflex response. Obviously, as von Holst has pointed out, the 
animal is able to distinguish between movement of the stripes in his 
eye produced by itself from that produced by external motion. Al- 
though the nerve impulses traveling from the eye to the brain are 
the same in both cases, the brain is able to make a distinction as 
to the source of the motion. The ability to make this distinction is 
indeed a very important one for living organisms at all levels. An 
old problem in human visual perception is to explain why we do 
not perceive motion of our environment when we move our eyes. 
In glancing first at the left side of this book and then at the right, 
the book does not appear to move, although the movement of the 
eyes in their sockets produces motion of the retinal image. On the 
other hand, if we move a book with our arms, or someone else moves 
it, motion is perceived. In both cases, the movement of the retinal 
image is similar, and we may assume that the impulses traveling 
along the optic nerves are also similar. The fact that we do not 
perceive motion when it is self-produced is analogous to the situation 
of the fly in the center of the striped drum. Von Holst has suggested 
that we are able, by means of unconscious mechanisms, to anticipate 
self-produced motion so that the resulting impulses produced are 
actually canceled somewhere in the brain. 


eye is illuminated. Note the exaggeration of the bright and dark portions as 
a result of contrast. (From "The Response of Limulus Optic Nerve Fibers to 
Patterns of Illumination on the Receptor Mosiac" by F. Ratliff and H. K. 
Hartline. Reprinted by permission of The Rockefeller Institute Press, from 
Journal of General Physiology, 1959, Vol. 42, No. 6, p. 1248.) 
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von Holst, illustrate how our thinking has changed during the past 
century from that of a passive, atomistic, mechanical nervous system 
to one that is active. One may say that the nervous system serves 
as a background against which incoming stimuli are evaluated, 
modified, and finally perceived. 

The point of view that the nervous system actively contributes to 
and modifies perception is a fitting epilogue for this essay. It was 
pointed out in Chapter I that perception is adaptive, that stimulation 
is modified in the interest of the stability and continuity of per- 
ceptual experience. In Chapters III and V examples of learned and 
motivational factors were enumerated. Chapter VI on illusions repre- 
sents a mismodification, but nevertheless an active change in stimu- 
lation by a “nonpassive nervous system." All of these chapters share 
in common examples of the active role of the organism in percep- 
tion, some physiological mechanisms of which are illustrated in this 
final chapter. Because the goal of science is prediction, and such 
prediction is based on the application to novel situations of well- 
established principles, it would appear to the writer that thé implied 
principle of active modification of stimulation by the organism is a 
most valuable concept to consider when thinking about or predicting 
perceptual experience. Consider what we would perceive if we 
"saw" the blurred, colored, and rapidly changing physical charac- 
teristics of our fuzzy retinal images. The results would be chaotic, 
and our vision would be, if not completely useless, much less efficient 
than is now the case. The study of how the organism modifies this 
retinal image to produce the splendidly organized perceptual world 
of experience defines a fruitful approach to the study of perception. 
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[1] 
The Perception of Objects 


EDWIN G. BORING 


For more than a century it has been customary to say that per- 
ception is something more than sensory impression, that perception 
is of an object, that it corresponds to a stimulating object. The 
modern view is that, because objects are permanent, a perception 
of an object tends to remain constant even when the immediate 
sensory impressions upon which the perception is based vary with 
the variety of conditions that affect stimulation. 

This general rule of perception applies to all sense departments. 
It depends upon an integrative property of the brain and is not a 
function of sense organs at all. The meaning of the rule is most 
easily expounded in terms of particular instances, and the four 
examples that are best understood are the visual perception of size 
with distance variant, of shape with angle of regard variant, of 
brightness with intensity of illumination variant, and of hue with 
color of illumination variant.’ 

We know a great deal about perceived size with distance variant. 
At short distances perceived size tends not to change with distance. 
A man is 40 feet down the hall and walking toward you. When he is 
only 20 feet away, has he doubled his height? The height of the 


1 On constancy in the perception of objects, see, for elementary accounts, 
E. G. Boring, H. S. Langfeld and H. P. Weld, Introduction to Psychology ( New 
York: Wiley, 1939), pp. 420-427, 463f., 468f.; R. S. Woodworth, Experimental 
Psychology (New yak: Holt, 1938), pp. 595-622. Another summary of the 
facts with historical orientation and two score references is in E. G. Boring, 
Sensation and Perception in the History of Experimental Psychology (New 
York: Appleton-Century, 1942), pp. 254-256, 262, 288-299, 308-311. The 
fullest and most technical discussion of the literature is in K. Koffka, Principles 
of Gestalt Psychology (New York: Harcourt Brace, 1935), pp. 211-264. 


SOURCE: E. G. Boring, "The Perception of Objects," American Journal of 
Physics, March-April 1946, 14, 2, 99-107. Reprinted by permission of the 
American Institute of Physics and E. G. Boring. 
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image of him on your retinas has doubled. The perception itself, 
however, changes very little. Or you are at a reception, standing 
at the end of a large hall. Are the people at the far end dwarfs, 
only half as tall as the people in the middle of the hall, only a tenth 
or a twentieth as tall as the man with whom you are talking? Do 


people change in size at the rate at which the images of them on 
your retinas change? 
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from a distance so great that their character as objects could not 
be recognized and saw that the gray powder in sunlight was as 
white as or whiter than the white paper in shadow. A friend, pressed 
into service as an observer and asked to judge the patches of bright- 
ness before he knew what the objects were, corroborated him.? 

The general rule also holds for hue. If you have the means of 
knowing from other immediately present sensory data or from past 
experience what color an object ought to be, then you are apt to 
see it in its correct color whatever the hue of the illumination. 
Familiar dresses and upholstery may keep their daylight hues in 
yellowish artificial illumination, but a new observer with no fa- 
miliarity to guide him will see them with the yellows favored 
and the blues diminished. Twenty years ago the technicolor motion 
pictures were using only two component hues to make colors that 
should have been trichromatic. One color was put on each side 
of the film, and the film had only two sides. It was the blues that 
were cheated. The colors used were a slightly bluish red and a slightly 
bluish green, which will mix to give good reds and greens, poor 
yellows and very poor blues. What did the audiences, unused in 
those days to colored movies, say? That the American flag was 
beautiful, that the (bluish-green) skies were lovely. But the heroine 
never wore a pure blue dress (whatever she had on in the studio) 
because dresses, unlike the sky or the flag's field, can be any color 
and obey the laws of color mixture without this kind of cerebral 
mediation. Yet Little Boy [Greenish] Blue in the old-fashioned 
technicolor might have looked as blue as the sky. 


REDUCTION AND REGRESSION 


For descriptive purposes it is convenient to say that the sensory 
data that contribute to a perception can be divided into a core 
and its context. The core is the basic sensory excitation that identifies 
the perception, that connects it most directly with the object of 
which it is a perception. The context consists of all the other 
sensory data that modify or correct the data of the core as it forms 


#1, Newton, Opticks (1704; reprint, Bell, 1931), Bk. I, Pt. П, prop. v, 
exp. 15. 
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the perception. The context also includes certain acquired pop 
erties of the brain, properties that are specific to the particular 
perception and contribute to the modification of its core. In other 
words, the context includes knowledge about the perceived object 
as determined by past experience, that is, by all the brain habits 
which affect perceiving. 

In visual perception the core is the retinal excitation, that is to 
say, the total optical 
lengths and ener 
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of context. When distance is fully apprehended, the perceived size 
of an object is likely to remain about constant, even though the 
distance changes greatly and the size of the retinal image changes 
with it. On the other hand, if you reduce the clues from which dis- 
tance can be gaged, then you will find that perceived size changes 
with distance, getting smaller at greater distances. When this reduc- 
tion of context is partial, the shrinkage of the perception with 
increasing distance will be less than the shrinkage of the correspond- 
ing retinal image. If the reduction could be made complete, if all 
clues to distance other than the changing size of the retinal image 
were eliminated, then presumably perceived size would be deter- 
mined by the only clue remaining, the size of the retinal image. 
Perceived size and retinal size would then always keep the same 
proportional relation. With a receding object perceived size would 
shrink as fast as the retinal image, for the observer would be wholly 
unaware of the recession, unless he used his awareness of diminish- 
ing size as a clue to the perception of the distance. He might. 

Some writers have preferred to think of the converse of this 
relationship. Reduction of context reduces perception to its bare 
core, but increase of context increases correspondence of the per- 
ception to the real object. If you know how far away a seen object 
is, you may be able to perceive its true size. If you know that that 
gray is coal, it may look black. This effect of context to make the 
perception resemble the permanent object that is being perceived 
rather than the perceptual core has been called by Thouless regres- 
sion toward the real object. Regression toward the object is the 
opposite of reduction toward the core. Regression toward the object 
occurs with increase of context. Reduction toward the core is secured 
by decrease of context. 

It was Katz who in 1911 first applied this term reduction, not to 
the case of size and distance, but to color and illumination.’ Take 
the illuminated coal and the shaded white paper. The coal looks 
black, the paper white, although the coal reflects more light. But 
now interpose what Katz called a reduction screen, a screen with 


^R. H. Thouless, “Phenomenal Regression to the Real Object,” British 
Journal of Psychology 1931, 21, 339-359; 1931, 22, 1-30. 

ë D, Katz, “Die Erscheinungsweisen der Farben und ihre Beeinflussung durch 
die individuelle Erfahrung," Z. Psychologie, Suppl. 7, 1911, esp. 36-39. 
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two small circular openings in it. Through one opening you im 
patch of the surface of the coal, through the other a patch of So 
surface of the paper. You do not see enough to identify either men 
and at once the patch that is the coal appears as a gray lighter thar 
the patch that is the white paper. By the use of the screen you wo 
reduced the context that identifies the objects, reduced it to the 
core of this perception, the total illumination. 


PERCEIVED SIZE AND Distance: History 


(1) To assume that visual size is measured by visual angle brings 


a simple and logical мау. 
5 of this optical geometry, 
> yet even he noted that the 
ot always accord with the 
€ simple rule that has ever 
Size varies with the yj - The Principle that perceived 


ed and th ith the size of 
the retinal image we shall call Euclid’s rule, "ot амаа thë 
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(retinal size) and perceived size do not always correspond. There 
were the eighteenth-century philosophers who tried to figure out 
the curve along which trees, bordering on an avenue, should be 
planted in order that the two lines of trees might look parallel and 
everywhere equidistant, when viewed from a specified end. And 
there were the psychologists in the period 1889-1913 who deter- 
mined these curves experimentally. Various scientists remarked in 
the middle nineteenth century that Euclid's rule does not hold. If 
you view a length Г at a distance d and compare it with a length 21 
at a distance 2d, then l and 21 form retinal images of the same size 
and should, by Euclid's rule, appear to be the same size. Actually, 
it is easily noted that 2l looks longer than l; yet that observation 
seldom excites curiosity since, it can be said, if 2l really is longer 
than Z, why should it not look longer? Euclid gave a reason why it 
should not, but plainly he was wrong. 

Then there was Emmert's law in 1881, the law that the perceived 
linear size of an afterimage is proportional to the distance of the 
background on which the image is projected. Emmert's law con- 
tradicts Euclid's. In an afterimage the size of the retinal image is 
fixed; how then does the size of the perception alter so greatly? Yet 
the fact is that the afterimage of a near object projected on a far 
background looks gigantic when retinal size does not change at all. 

In the present century there has arisen in connection with the 
tenets of Gestalt psychology the conception of size constancy, the 
hypothesis that the perceived size of an object remains constant 
irrespective of the distance at which the object is perceived. There 
has been a great deal of misunderstanding and controversy about 
this matter; but that need not concern us, for the facts are plain. 


PERCEIVED SIZE AND DISTANCE: 
MEASUREMENT 

Let me now summarize an experiment that Holway and I com- 
pleted a few years ago, an experiment that measures the depend- 
ence of perceived size upon distance, and that also shows how the 


? For the history of research and observation, see Boring, reference 1 (1942), 
pp. 288-299, 308-311. 
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resulting functions depend upon the context and how the effective 
context can be analyzed by successively reducing it.’ 1 

We seated the observer at the right-angled junction of two : 
facing the convex corner at 45° from the longitudinal axes of the 
halls. By turning his head from side to side he could look down 
one hall or the other, alternating at will. We worked at night in 
complete darkness except for the light that came from the two 
illuminated stimulus disks. 

The standard stimulus was a disk 
tern on a translucent Screen. It үу; 
at distances from the Observer у 
size of the disk was made prop 
always subtended at the observ. 
ceived size of this disk at diffe 
of investigation. 

In the hall at the left was 
perceived size. It consisted 


of light, projected from a lan- 
as placed in the hall at the right 
arying from 10 to 120 feet. The 
ortional to the distance so that it 
er an angle of 1°. It was the per- 
rent distances that was the subject 


а comparison stimulus for measuring 
of a projected disk of light which re- 
from the Observer. Its size could be 
changed by the use of a Jo 


E atisfied that he had made 
Ze as the standard Stimulus, This judg- 
n the disks аге at different distances, 


The function B is 
distance. The reason this line rises 
increased the size of the standa: i 3 is 
distance, keeping its angular Subtension constant тараар to La 
in order to avoid any physiological distortion that migh ae Es ia 


> irrespective of 
1?) is that we 


" A. Н. Holway and E. С. Boring, 


5 х “Determinants 
with Distance Variant,” American Jou 
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rnal of Psychology, E n Ad K 
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exciting different sizes of retinal areas. The straight line B is thus 
the function for perceived size constancy because it is the function 
for a comparison stimulus increasing with the standard stimulus and 
remaining equal to it, when the standard stimulus is increased with 
distance in order to keep angular subtension constant. 


30 


B: Constant Size 
20 F 


PERCEIVED SIZE IN INCHES 


0 10 50 100 120 
DISTANCE IN FEET 


Ficure 1. Visually perceived size as а function of the distance of the per- 
ceived object, The perceived standard disk at every distance is of such physical 
size that its diameter subtends an angle of 1° to the observer. Its perceived 
size (ordinate scale) is the diameter, in inches, of a comparison disk 10 feet 
from the observer and equated in perceived size to the standard disk. The six 
functions shown are as follows: A, free binocular regard; the perceived size 
increased slightly with distance; B, constant size, the function for no change of 
perceived size with distance; C, monocular regard; the perceived size diminished 
slightly with distance; D, monocular regard with use of artificial pupil; great 
decrease of perceived size with distance; E, monocular regard, with use of 
artificial pupil and reduction tunnel; still greater decrease in perceived size; 
F, retinal size, the function for decrease in perceived size proportional to the 
actual size of the retinal image (visual angle subtended). 


The horizontal line F is the function for proportionality of per- 
ceived size to retinal size (visual angle). It represents Euclid's rule. 
Since the visual angle was kept constant at 1^, proportionality of 
perceived size to visual angle would in this case be constant. 

The other four functions show what happens with reduction. 
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Although the observed points are not shown here, the fits to straight 
lines are close. . 

Free binocular regard is shown in function A. If size Pap 
were to be the rule, we should expect A to coincide with B. E ive 
surprise it lay slightly above B, for the four more reliable of | ^» zët 
observers. A receding object tends (under these conditions do 
a little larger in perception while its retinal image is pee ӨШ 
very much smaller. Perceived size, in other words, 3s n0 exa 
constant; it is "more than constant!" The position of this functi à 
suggests that the binocular mechanism is set to compensate m 
mediately for shrinkage of the retinal image by increasing i 
tance and that under these conditions it overcompensates slight y 
That finding might be an argument for the phenomenon's being 
the consequence of а Property of the brain and not a matter 
of inference. It is doubtful, however, that any good can come 
from trying to distinguish between inference and its brain physi- 
ology. 

Our first step was to red 
putting a patch 


е distance context was to add to monoc- 
cial pupil, which 


з р. W. Taylor and E. G. Boring, "Apparent Size А : | | 
for Monocular Observers," American Journal of Psychology, E Ранар 
, ‚55, 3 
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toward the proportionality to retinal size (Euclid's rule, function F) 
has progressed greatly. 

The use of monocular vision with an artificial pupil still left some 
visible clues to the distance of the stimulus. The faint light from 
the two stimuli showed vaguely to the dark-adapted eye the per- 
spective of the walls, floor and ceiling of the corridor. To get rid 
of these clues we constructed a "reduction tunnel" of heavy black 
cloth, 3 feet square in cross section and capable of being extended 
to 100 feet long. The observer viewed the standard stimulus through 
it, and a further reduction resulted, as shown by function E in 
Figure 1. 

Complete reduction should give an observed function that coin- 
cides with F. We were unable to obtain it. Not with all this effort 
and artifice could we make Euclid's commonly accepted law of 
perceived size as proportional to visual angle come true! Yet the 
function F must be found if all clues to distance are eliminated. 
The results plotted in E show the observers discriminating differ- 
ent distances fairly accurately. If the function E were known, then 
the distance could be told from a knowledge of the equations of 
perceived size. The failure to reduce to F means that there are still 
clues to distance left. 

Figure l is confusing because the standard stimulus was kept 
constant in angular size instead of in linear size. Figure 2 is simpler, 
showing how the size of a constant disk would appear to change 
if it approached the observer or receded from him. The contrac- 
tions and expansions are shown as ratios to the linear size of the 
disk at 10 feet away from the observer. Figure 2 is derived from 
Figure 1 by making the assumption that the relationships of Figure 
1 would hold for areas of the retina differing considerably from 1°, 
and the further assumption that difference in perceived size is 
proportional to the amount of change necessary in the stimulus to 
abolish difference in perceived size. This last statement means, for 
example, that if two disks at different distances looked the same 
size and one had a diameter four times the diameter of the other, 
then, if the diameters were made actually equal, one of them would 
appear to be one-quarter the length of the other. It is a plausible 
assumption, but not necessarily correct. The functions of Figure 2 
yield curves because they are reciprocal to linear functions. 
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In view of these consistent results there cannot be much doubt 
that perceived size depends upon more than the size of the retinal 
image, that the clue from the retinal image is corrected by those 
contexts that establish the distance of the perceived object, and 
that the correction can be fully adequate when the context is not 
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We do not know. The experiments on great distances have yet to 
be made, and should be made. 

There is, however, one experiment on the perceived size of a 
distant object-the moon. The moon's disk subtends about X?, but 
the horizon moon may be matched to a comparison stimulus that 
is 12 feet away and that subtends an angle of 3°, and a moon in 
elevation to a comparison stimulus of 2?.? In other words, a disk, 
2,160 miles in diameter and 239,000 miles away, appears the same 
size as a disk 7X inches in diameter 12 feet away. If Euclid's law 
held, the moon would match in size a disk 1X inches in diameter at 
12 feet distance, because this little disk and the moon would each 
subtend an angle of Х°. There is for the moon no size constancy. 
The real moon does not look so big as a 239,000-mile disk 12 feet 
away! The lack of distance contexts for the moon nearly reduces its 
perception to the law of retinal size, yet not quite. The perceived 
dummy moon 12 feet away regresses toward the real object to an 
amount six times what its retinal size would justify, although it is 
still only one 18-millionth of the size of the real moon. It seems 
that the great but nearly indeterminate distance of the moon pro- 
vides just enough context to shift the perceptual size a little bit 
away from what retinal size alone would give, shifting it in the 
direction of size constancy, in the direction of regression toward 
the real object. 


Locic or PuvsrioLocv? 


It is an interesting question as to just what is going on when an 
organism uses the totality of available relevant clues or cues in 
modeling a perception so that it resembles as nearly as possible 
the permanent object which is being perceived. From one point 
of view, the conscious organism seems to be using clues to form 
an inference as to the real nature of the object which is revealed to 
it through various sense data. From another point of view, the 
organism seems to be using the various sensory excitations as cues 
to bring a given perception onto the stage of consciousness in 


? E, G. Boring, “The Moon Illusion," American Journal of Physics, 1943, 11, 
55-60, and references there cited. 
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accordance with a script in which the stage directions are the 
integrative properties of the brain. Clues and cues—both words are 
used, and they represent two theories of perception, which are often 
opposed to each other without their being truly incompatible. " 

Helmholtz recognized this dilemma when, in 1866, he undertoo 
to explain these perceptual phenomena by an appeal to the concept 
of unconscious inference (unbewusster Schluss).!° The perception 
is essentially, he said, a conclusion formed from evidence by induc- 
tive inference. The process of its formation, while like a conscious 
inference, is actuall unconscious, It is normally irresistible and 
instantaneous, although, Helmholtz thought, it can be unlearned 
and was therefore probably learned in the first place. 

On that last matter Helmholtz certainly made too large a general- 
ization. That coal is black is doubtless learned, and perhaps an 
artist might unlearn coal's color enough to see it in sunlight as light 
Bray. That is not certain, though. It is possible that the artist sees 
his light-gray paint as black when Һе realizes it is coal. Some of 


ап spirals. They are circles though 
-perfect circles. That they are closed figures appears at once if you 
start at a and follow the circle around until you come back to а 
again. 


^ 5 compulsory unconscious inference is the 
stereoscopic perception of depth. 


In stereoscopic 
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ment of one image to the left eye and the other to the right, and 
you can figure out geometrically by conscious inference what the 
dimensions in depth are. The visual mechanism, however, makes 
this inference instantaneously and unconsciously. If the stereo- 
grams are photographs, rich in detail, it is as impossible ever to 
see the disparity between them, as it is to be aware of disparity 
in the binocular observation of a solid object. Only in very simple 
Stereoscopic images, such as the outline. drawings of geometric 


illusion. The perceived spirals are actually perfect 
a and following the apparent spiral back 
Journal of Psychology, 1908, 2, 


Ficure 3. Twisted cord 
circles, as can be found by starting at 
to a again. [Adapted from ]. "Fraser, British 
307-390.] 


figures, does one sometimes see the disparity as doubled lines first, 
before the doubling disappears and the images pull together into 
a single solid figure. In the perception the brain reaches a correct 
inferential conclusion as to the depth of the perceived object, but 
the process is no more conscious than is the inference of an elec- 
tronic computer which calculates almost instantly from relevant 
data a range and elevation and correctly aims a gun. 

It is in fact this electric analogy that answers quite well the 
question as to whether the integrative process in perceiving is 
logical or physiological. It is both. There is no contradiction. The 
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inference is as logical and as unconscious as it is when made elec 
trically in a machine. 

Thé Gestalt psychologists—Wertheimer, Köhler and pep 
emphasized the notion that perceptual integration in Huc e 
due to the operation of certain dynamic patterns of "force А. 
often correct or alter the perceptual form in ways that P m 
closely the operation of mechanical or electric field forces. 


quently this process results in what might be called a simplification. 
eem | | Ni s 
CMM П 
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of depth. It is practicably impossible to see them any more as lying 
flat in the plane of the paper, as they did in A. The cube of B in- 
sists on appearing solid, although it is reversible and may be seen 
in either of two perspectives. Is the cube simpler than the 12 lines? 
Well, there is only one cube, and perhaps one is simpler than 12. 
At any rate the cube is more sensible than the 12 lines because it 
is an object. The brain has here integrated an object. For binocular 
parallax it redintegrates an object. 

There is, then, no objection to be raised to the idea that brain 
properties should operate to establish the conclusions to inferences. 
Physical properties do in the electric computer. They might in the 
brain. It takes a brain to do any conscious inferring, and the brain 
operates always under natural physical law. There is no real con- 
tradiction between Helmholtz and the Gestalt psychologists. 

It is, moreover, clear that these integrative properties of the brain 
are both native and acquired, dependent upon both heredity and 
learning. The dynamics of stereoscopy and of the perceptions of 
Figures 3 and 4 seem almost certainly native neural properties and 
not acquired. Seeing objects in their true colors and brightnesses, 
irrespective of the illumination, must be learned. The chromosomes 
take no account of what colors are in the American flag. It would 
be a bold man who would assert at present that constancy of per- 
ceived shape is either wholly learned or wholly native. We do not 
know. What then about the correction of retinal size for distance? 

There are experiments which show that chickens can learn to 
choose larger grains of corn and reject smaller, when the difference 
in size is of the order of only 10 percent. When they have acquired 
this discrimination, then they will choose remote large grains in 
preference to small grains nearby, although the retinal images of 
the remote large grains may be only one fifth the size of the retinal 
images of the near small grains? Still the chickens may have 
learned to take distance into account. 

Children do not do so well as adults, nor young children so well 
as older, in matching boxes for actual size when the boxes lie on 


12 W, Köhler, "Optische Untersuchungen am Schimpansen und am Haushuhn,” 
Abhandl. preuss. Akad. Wiss., Phys.-math. Klasse, No. 3, 18-139 (1915); W. 
Götz, Mad eg Untersuchungen zum Problem der Sehgréssenkonstanz 


beim Haushuhn,” Z. Psychologie, 1926, 99, 947-260. 
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the floor at different distances away.!? There are individual differ- 
ences among adults, and anything that tends to distort the percep- 
tion of distance seems to affect the perception of size, whereas the 
best judgments of objective size are got from the observers who 
can estimate the distances most correctly. Such findings suggest 
that learning plays a role. R 
On the other hand, it is somewhat implausible that, in learning 
to compensate for changing size of the retinal image with chang- 
ing distance, one should acquire a habit for overcompensatio 
(function A in Figures 1 and 2). Overcompensation seems to imp y 
the operation of more basic mechanisms than those that are e , 
Still there is no conclusive evidence. One might acquire separate y 
by learning a number of corrective processes which, all working 
concurrently, would then overshoot the mark. If that conclusion 15 
correct, we are still left with the problem as to why the organism 
would learn to compensate just a little bit for the small size of the 
moon's image on the retina, If that correction is learned, it must 
have been carried over from some other experience. А 
Actually the decision on this question does not matter. No in 


herited function is ever quite unaffected by learning, and no learne 

function is ever able to Operate entirely without dependence 0? 
what is given it by inheritance. If the perception of size with dis- 
tance variant depends on both chromosomes and practice, it will be 


like almost every other psychophysiological function. 


BroLocicaL Use or PERCEPTION 

The physiology of perception is uncertain, but its biology is clear. 
The function of perception is to transform chaotic sense experience 
into the relative stability of permanent objects. the objects which 
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cause the experience or are implied by the experience, whichever 
way you like to look at it. An object can be regarded as an as-if 
theory of experience. Experience would be as it is if there were 
permanent objects. And the properties of the objects thus become 
generalizations about experience. So perception, in getting back 
of experience to the objects, is performing even in primitive man 
and the animals the same function that science performs in man's 
civilization. As the purpose of scientific theories is economy of 
thought, so the purpose of perception is economy of thinking. It 
picks out and establishes what is permanent and therefore impor- 
tant to the organism for its survival and welfare. 

To see a gray as coal is useful. It is to know that this gray will 
burn and give heat. To see a verdigris as blue is to recognize your 
country's flag. To see a diamond as square is to recognize the book 
or the table for what it is, which is important, and to ignore the 
effect of your own angular relation to it, which, since it changes 
as you move, is unimportant. To see a distant object with a small 
retinal image as large and a near object with a large retinal image 
as small is to get away from the unimportant retinal images to the 
great importance of the sizes of objects. А chicken by that means 
gets all the big grains of corn, no matter how far away they are. 
Perhaps the greatest perceptual achievement of the organism is the 
way in which it receives on bidimensional retinas optical projec- 
tions of the tridimensional world, losing, it would seem, all the 
tridimensionality, and then, taking immediate physiological account 
of the disparity of binocular parallax and other clues when they 
are available, instantaneously puts the solid object together again 
in perception, recovering the tridimensionality of the real object 
which had seemed irrevocably lost. 


[2] 

Apparent Visual Size as a Function of Distance for 
Children and Adults 

H. PHILIP ZEIGLER and H. W. LEIBOWITZ 


There is some question in the literature as to whether size-con- 
stancy varies with age.’ Data are, however, lacking from an investi- 
gation of size-constancy for which a wide range of distances is 
available and for which a functional relationship can be plotted. 
The present study was designed to obtain such results. 


APPARATUS AND PROCEDURE 


The procedure was modeled after that used by Holway and 
Boring.? A series of standard stimulus-objects, made from l-inch 
diameter wooden dowels, were prepared such that at the distances 
used in the study, the objects subtended a visual angle of 0.96? at 
S's eye. The comparison-object, also a l-inch diameter dowel, was 
so arranged that the visible portion of its length could be continu- 
ously varied by moving it up or down through a hole cut in the 
center of a board. The remainder of the comparison-object was 
hidden from S by a suitably placed curtain. S was seated at a dis- 
tance of 5 feet from the comparison-object, which was approxi- 


! Franz Beyrl, "Ueber die Gróssenauffassung bei Kindern," Z. Psychologie. 
1926, 100, 344-371; Н. Frank, "Untersuchung über Sehgrüssenkonstanz bei 
Kindem," Psychologische Forschung, 1926, 7, 137-145; “Die Sehgrüssenkon- 
stanz bei Kindern," ibid., 1928, 10, 102-106; Wilhelm Burzlaff, “Methodolo- 
ische Beiträge zum Problem der Farbenkonstanz," Z. Psychologie, 1931 
119, uw 4 " а > 
2 A. H. Holway and Е. G. Boring, “Determinants of Apparent Vis " 
with Distance Variant," The American Journal of Psychologe, tii, SC Ske 


source: H. P. Zeigler and Н. W. Leibowitz, “Apparent Visual Si 
tion of Distance for Children and Adults,” The American Journal 26 азга Fun. 
March 1957, 70, 1, 106-109. Reprinted by permission of 
Journal of Psychology. 
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mately at eye-level. The standard objects were fitted into small 
black wooden blocks and mounted on a black metal stand 3 feet 
from the floor in front of and slightly to one side of the comparison- 
object. 

The experiment was conducted in a room 108 x 22 feet. From S's 
position three windows were visible on one side of the room and 
one at the extreme end. There were several pieces of furniture vis- 
ible along the walls. Illumination was provided by six 100-w. bulbs 
in addition to the windows, and the experiments were conducted 
in the early afternoon and only on sunny days. 

Five distances were used; 10, 30, 60, 80, and 100 feet. For each 
distance S made four judgments, two ascending and two descend- 
ing. (The actual manipulation of the comparison stimulus was done 
by E at S's direction.) The distances were presented in a random 
order and, between successive trials with new distances, S was so 
blindfolded that he could not see E setting up the standard objects. 

The instructions for both children and adults were as follows. 


I am going to move this stick (pointing to the comparison-object) up 
and down. I want you to tell me when it looks as high as the one out 
there (pointing to the standard object). 


S was told to disregard the stand or the wooden block and to base 
his judgments on the height of the standards. E avoided giving any 
information as to whether the standards were of the same or differ- 
ent sizes. S was also instructed to make all judgments with binocular 
regard and to wear glasses if needed. 

The Ss were 13 in number (8 boys, ranging from 7 to 9 years of 
age, and 5 men, from 18 to 24 years of age) all resident at a summer 
camp. The men were told they were to serve as controls for the 
experiment with the children. For the boys, the experiment was part 
of a "scouting" game which included outdoor as well as indoor esti- 
mates of the sizes of various objects. 


RESULTS 


The results for the children are given in Table 1 and for the 
adults in Table 2. Both sets of data are plotted in Figure 1. On this 
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TABLE 1 


Matched Size (in Inches) of Standard Stimulus-Object as а Function 
of Distance (Children) 


Distance of Standard (in Feet) 


Age 10 30 60 80 100 
S (in Yr.) Size of Test Object (in Inches) 

2 6 12 16 20 

1 9 13 3.3 2.9 3.5 3.3 

2 8 1.9 43 78 8.2 9.2 

8 8 15 3.1 5.3 6.4 5.5 

4 7 2.9 4.1 6.6 7.8 9.4 

5 8 3.1 5.1 9.9 пл 13.1 

6 8 2.5 5.2 8.3 8.0 8.3 

7 8 2.1 4.8 пл 8.2 109 

8 9 8 11 14 12 11 

Меап 2.0 3.9 6.7 6.8 T6 

SD З 13 33 3.6 40 
Brunswik ratio 1.00 58 52 9 35 

TABLE 2 


Matched Size (in Inches) of Standard Stimulus-Object as a Function 
of Distance (Adults) 


Distance of Standard (in Feet) 


Age 10 30 60 8 100 
S (in Er) Size of Test Object (in Inches) 
2 6 12 16 20 

1 20 2.2 6.4 8.9 15.1 15.7 

2 24 2.6 6.2 7.9 9.8 15.0 

3 18 24 59 158 11.6 12.3 

4 20 2.3 5.6 13.6 18.8 21.1 
5 19 2.9 7.4 12.4 17.8 22.6 
Mean 2.5 6.3 10.6 14.6 17.3 
SD 36 .78 2.3 3.8 43 


Brunswik ratio 1.50 1.06 87 91 86 


EO РЕ 
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plot a horizontal line represents the law of the visual angle; a theo- 
retical condition in which perceived size can be predicted on the 
basis of geometrical optics. The law of size-constancy is represented 
by a line of slope 0.017 (tan 0.96°). If perceived size were inde- 
pendent of distance, that is, perfect size-constancy, the data would 
fall along this theoretical function. 


20 
[o] Adults 
= 15 € Children 
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ш 
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o 10 
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Law of the Visual Angle 


10 20 30 40 50 60 70 80 90 100 


STIMULUS-DISTA NCE (feet) 


Ficure 1. Mean matched size as a function of stimulus-distance for a group 
of adults and of children. The size of the test-object was adjusted so as always 
to subtend a constant visual angle. 


It can be seen from Figure 1 that the data for the adults fall very 
close to the prediction in terms of size-constancy as previously re- 
ported by Holway and Boring. The data for the children however, 
fall at positions on the matched size-axis closer to the line repre- 
senting the law of the visual angle. Differences between the means 
of matched sizes for adults and children were calculated for all dis- 
tances above 10 feet. A Mann-Whitney non-parametric u-test indi- 
cates that these differences are significant (u«0.01 for 30, 80, 100 
ft.; u<0.05 for 60 ft.). 
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Discussion 


The results of the present investigation demonstrate closer agree- 
ment with the law of size-constancy for a group of adults than for 
a group of children. Such results are consistent with the conclusions 
of Beyrl, but differ with respect to the magnitude of the difference 
in size-constancy.? As has been pointed out by Frank, all of Beyrl's 
Ss, including his 2-year-old children, demonstrate rather high con- 
stancy.* Brunswik ratios computed for his data, which were obtained 
at distances between 6 and 37 feet, for the 2-year-old group range 
from 0.77 to 0.92 for a disk test-object, and from 0.87 to 0.95 for 
blocks. For his 8-year-old group (n = 2) the ratios vary from 0.97 
to 0.99 for both kinds of test-objects. Brunswik ratios for the chil- 
dren in the present study are 1.00 at 10 feet, 0.58 at 30 feet, and 
drop to 0.35 at 100 feet. Thus, the present study agrees with Beyrl's 
conclusion that size-constancy is not as well developed in children 
as in adults, but differs in that for comparable stimulus-distances 
the children show less constancy than did Веутї'. 

In addition, the present experiment, utilizing a greater range of 
distances, indicates that the differences between children and adults 
increases with the distance of the test-object. This can be clearly 
seen from the shape of the curve in Figure 1. The function for the 
adults is nearly linear, and lies close to the line representing the 
law of size-constancy. The curve for the children rises less rapidly 
with distance and approaches a limiting value at about 60 feet, The 
differences between the mean matched size at 60 and 100 fact аза 
not significant for the children (p>0.05) and are significant for the 
adults (p<0.01). 

With respect to inter-S variability, the present results are con- 
sistent with those of previous investigators. As has b 
by Smith, studies of size-constancy typically de. 

crease in variability with distance.* That this also 


ееп pointed out 
Mmonstrate an in- 


holds true for the 

з Franz Beyrl, "Ueber die Gróssenauffassung bei Kj " 

1926, 100, 368, ee Е bel Kindem,” Z, Psychologie, 
4H. Frank, "Untersuchung über Sehgriéssenkonst d ss 

chologische Forschung, 1926, 7, 103. nstanz bei Kindern,” Pay 
5 W, M. Smith, A Methodological Study of Size-Distance P е 

of Psychology, 1958, 35, 143-153. erception,” Journal 
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present investigation is evident from inspection of the standard devi- 
ations in Tables 1 and 2. 

The present results, obtained over a range of 90 feet, demon- 
strates that the functional relationship between matched size and 
distance is different for adults and children. Such results are in- 
terpreted as supporting the view that size-constancy increases with 
age. 


SUMMARY 


The function relating matched size to distance was determined 
for groups of children and adults. The Ss matched a comparison- 
object to one of a series of standard objects located at various dis- 
tances but so adjusted in size as always to subtend a constant visual 
angle. The results for the adults lie close to the theoretical line rep- 
resenting the law of size-constancy. The results for the children 
were more in agreement with the law of the visual angle. The adult- 
curve is nearly a straight line, while that for the children approaches 
a limiting value at 60 feet. These data are viewed as lending sup- 
port to the thesis that size-constancy increases as a function of age. 


[3] 

Adaptation to Disarranged Eye-Hand Coordination 
in the Distance-Dimension 

RICHARD HELD and MELVIN SCHLANK 


Although Helmholtz was the first to study adaptation to a sensory- 
motor disarrangement—reduction of the errors of hand-eye coordi- 
nation induced by a prism before the eye ‘—Stratton’s study of 


ЪН. L. Е. von Helmholtz, Handbuch der physiologischen Optik, 1867, 3, 
601-602. 


source: R. Held and M. Schlank, "Adaptation to Disarranged Eye-Hand 
Coordination in the Distance-Dimension," The American Journal of Psychology 
December 1959, 72, 4, 603-605. Reprinted by permission of The American 
Journal of Psychology. 
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inverted vision is generally considered the classic in this field.? Re- 
cently Kohler reported the most extensive studies yet performed, re- 
vealing new and unexpected kinds of adaptation.? Most investigators 
have concentrated on the development of apparatus to produce the 
disarrangement and on the measurement of the consequences of 
exposure to novel conditions, but few have attempted to vary sys- 
tematically the conditions of exposure to determine which are crit- 
ical for adaptation. This study is one of a series designed to isolate 
the critical conditions. 


Holst used the terms re-afference and ex-afference to distinguish 
between sensory stimulation resulting from self-produced movement 
and sensory stimulation independent of such movement.’ The 
results of two experiments on prolonged exposure to disarranged 
visual-motor coordination (prisms before the eyes) are consistent 
with the hypothesis that re-afferent stimulation is necessary for adap- 
tation. In both experiments, re-afferent stimulation produced 
significant shifts of localization in the adaptive direction, while 
ex-afferent stimulation did not. The technique of these experiments 
consisted essentially of equating all conditions of exposure other 
than the agent producing the bodily movement. Re-afferent visual 
stimulation was obtained in one experiment when S walked a path 
while viewing his environment and in the other experiment when 
S moved his arm before his eyes. Comparable ex-afferent stimula- 
tion was obtained when E either moved S while seated in a wheel 


2G. M. Stratton, “Vision Without Inversion of the Retinal Image," Psycho- 
logical Review, 1897, 4, 341—360, 463-481. 

3 Ivo Kohler, "Ueber Aufbau und Wandlungen der Wahrnehmungenswelt; 
inbesondere überbedingte Empfindungen," Sitzungsber. Oest, Akad. Wiss., 
1951, 227, 1-118. Жу? 

“Richard Held, “Shifts in Binaural Localization After Prolonged Exposures 
to Atypical Combinations of Stimuli,” The American Journal of Psychology 
1955, 68, 526-548; Joseph Bossom and Richard Held, “Shifts in Epocentine 
Localization Following Prolonged Displacement of the Retinal Image,” American 
Psychologist, 1957, 12, 454 (Abstract); Richard Held and А. у, Hein ак. 
tation of Disarranged Hand-Eye Coordination Contingent upon Re. ff ар 
Stimulation," Percept. mot. Skills, 1958, 8, 87-90. »aiterent 

5E. von Holst, “Relations Between the Central Nervo; 
Peripheral Organs, British Journal of Animal Behaviour, 1954 2, 89. 

® Blossom and Held, “Shifts in Egocentric Localization Followi Я 
Displacement of the Retinal Image,” American Psychologist 1955 Prolonged 
Held and Hein, “Adaptation of Disarranged Hand-Eye Coordinati ren Mes 
upon Re-afferent Stimulation," Percept. mot. Skills, 1958, 8, 87-90. Contingent 
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chair over the path formerly walked or moved S's arm. Since the 
changes in optical stimulation under both conditions were very 
similar, differences in amount of adaptation were attributed to the 
difference in the agents producing movement. 


METHOD 


Figure 1 shows S in the apparatus under the two conditions. In 
Figure 1A, he marks the apparent location of a target to provide a 
measure of his eye-hand coordination. In Figure 1B, he views a 
virtual image of his hand at a distance optically greater than nor- 
mal. The apparatus consisted of an upper and lower lightbox. The 


LS | 


A. MARKING B. EXPOSURE 


Ficure 1. Schematic representation of S in the apparatus under two ex- 
perimental conditions. 


upper lightbox contained the target, T—three black spots on a white 
field forming an equilateral triangle 3 in. on a side. S's hand was in 
the lower lightbox. A half-silvered mirror, М», divided the two light- 
boxes. Whether S viewed T or his hand depended on whether the 
upper or the lower lightbox was illuminated. The position of 
a double-throw switch determined which one of the lightboxes 
was illuminated. A biting-board held S's head in a fixed position 
throughout each session. 

During marking (Figure 1A), when the upper lightbox was il- 
luminated and the lower lightbox darkened, light from T passed 
through M; and was reflected into S's eyes from Mi, a fully reflect- 
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ing first-surface mirror. S saw the virtual image of T at location T" 
which coincided with the marking surface. He did not see his hand 
or the marking surface because his vision was restricted by aper- 
tures to the field reflected in Mı. S was instructed to mark succes- 
sively the apparent location of the three target-points nine times, 
for a total of 27 marks. 

During exposure (Figure 1B), the upper lightbox was blacked- 
out while the lower lightbox was illuminated. Under these condi- 
tions, the half-silvered mirror, Mo, reflected light from the hand to 
М; and then to S's eyes. Looking into Mi, S saw his hand at the 
increased optical distance. The increase in distance averaged 3 in. 
at the level of the marking surface. S's hand was strapped to the 
swivel shown in Figure 1B. Two conditions of exposure were used. 
The movement of S's arm was caused either by his own efforts (self- 
produced movement) or by E's movement of the swivel (passive 
movement). 

Experiments with each of 15 Ss were conducted in two sessions; 
one with self-produced movement and the other with passive move- 
ment. Eight Ss had the self-produced movement first, while the 
other seven began with passive movement. The two sessions were 
separated by at least one day. 

The schedule of both sessions was as follows. (1) Pre-exposure 
marking (Figure 1A): With his unseen hand, S marked the appar- 
ent locations of the three points of the target. This set of marks gave 
a measure of S's eye-hand coordination before exposure. (2) Expo- 
sure (Figure 1B): S viewed the mirrored image of his hand on the 
swivel at the optically increased distance as it moved back and 
forth in a small a.c. (3) Post-exposure marking (Figure 1A 
instructed to mark the apparent locations of the tar 
had done in the pre-exposure marking. The difference in positions 


of the pre- and postexposure markings measured the influence of 
the intervening exposure. 


In the exposure with self-produced move: Y 
and the bu ent swivel to which his oe d x x 
an arc of approximately 12°. In the exposu Strapped through 
ment, E moved the swivel on which 55 relax, 
straps through the same arc. To insure pa 
exposure, S was given practice before the 


): S was 
get-points as he 
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arm as E moved it. Each of the two exposures lasted 6 min.; and 
during both of them, S's hand, viewed through the mirrors, re- 
mained visible moving back and forth through the 12? arc in 
rhythm to a metronome set at 72 beats per min. 

Views of the hand and its motion were identical in both the self- 
produced and the passive movement exposures. The only difference 
between these conditions was the type of movement—self-produced 
as opposed to passive movement. The re-afference hypothesis pre- 
dicts that adaptation to the optically increased distance of the hand 
should occur only during self-produced movement. A shift of the 
post-exposure markings toward S was adaptive. He would initially 
have over-reached objects that he viewed through the mirrors had 
he attempted to localize them. 


RESULTS 


The mean shift following self-produced movement was 0.52 in. 
in the adaptive direction, while for passive movement the mean 
shift was 0.05 in. in the adaptive direction. The difference between 
the two mean shifts was significant at a level of confidence well 
beyond 1% (t-test for correlated scores). With self-produced move- 
ment, 14 of the 15 Ss showed adaptive shifts; for passive movement, 
only about half of the Ss showed adaptive shifts. The mean shift of 
0.05 in. for passive movement was not significantly different from 
zero. 

The results of this experiment support the proposition that re- 
afferent visual stimulation is a necessary condition for learning the 
new eye-hand coordination in the distance dimension. Comparable 
but ex-afferent stimulation resulting from passive movement did 
not produce significant shifts, although the optical information for 
S in both exposure conditions was the same. These results, or 
change in eye-hand coordination in the distance-dimension, can be 
added to the results of the studies previously mentioned which dem- 
onstrate the importance of re-afference in adaptation to disarrange- 
ment with other forms of sensory-motor coordination. 


[4] 
The Effects of Attitudes on Descriptions of Pictures 
CLARENCE LEUBA and CHARLES LUCAS 


This paper deals with the effects of three hypnotically induced 
attitudes—happiness, criticalness, and anxiety—upon observation and 
thought. Three Ss described a series of pictures when under the in- 
fluence of these attitudes. 


INTRODUCTION 


Laymen as well as psychologists are well aware that attitudes, 
sets, moods, and other internal conditions may greatly affect both 
perception and thought. Nevertheless, it is only in recent years 
that a few experimental psychologists have brought the intellectual 
effects of these internal conditions under scientific scrutiny. When 
perception, memory, and intelligence are studied in the laboratory 
under simplified, objective, unemotional—almost inhuman—ci 
stances, factors like anxiety or resentment, wh 
importance in the everyday functioning of these processes, are 
overlooked. Gardner Murphy brings this out fi 2 


à orcefully in his 1944 
presidential address to the American Ps chologi iati 
бы). ychological Association 


rcum- 
ich are of the highest 


A new trend is indicated by Bartlett 
(1942) studies of the effects of attitudes an > 
bering, by Murray’s (1933) study of the Pairi remem- 
children’s estimates of the maliciousness of other BERO in apon 
by Sanford's (1936, 1937) and Levine, Chein, and Mu Р, ities, an 
investigations of the perceptual distortions produced "a ys (1942) 
grees of hunger. y various de- 


(1932) and Rapaport’s 


source: C. Leuba and C. Lucas, "The Effects of Attitud, 
of Pictures," Journal of Experimental Psychology, 1945, 35 BS Descriptions 
by permission of the American Psychological Association. a 524. Reprinted 
Lucas. » ©. Leuba, and C. 


| 96 


The Effects of Attitudes on Descriptions of Pictures 97 


Though projective techniques were originally developed to dis- 
cover an individual’s attitudes and other characteristics, they can 
also be useful for discovering the influence of known attitudes on 
perception and thought. Proshansky (1943) in a recent experiment 
found that liberals and conservatives, as determined by an attitude 
scale, could be reliably detected from their descriptions of suitably 
chosen pictures. In an unpublished experiment we found that, ac- 
cording to three judges, there were three times as many indications 
of anti-labor sentiments in the descriptions of six photographs of 
economic scenes by two anti-labor Ss as in those by two pro-labor 
Ss. 

In these studies, the experimenters limited themselves to in- 
vestigating the effects of already present attitudes on the descrip- 
tion of pictures. Under ordinary circumstances the creation in the 
laboratory of the particular attitudes one wishes to study is difficult 
if not almost impossible. By using hypnosis, however, almost any 
attitude, set, or mood can be very readily created. In hypnosis the 
experimental psychologist has a technique for controlling variables 
in situations otherwise beyond the reach of psychological experi- 
mentation (Leuba, 1941). Erickson's investigations provide many 
illustrations of the successful use of post-hypnotic suggestions for 
the creation and study of such moods as resentment or jealousy 
(Erickson, 1939). Other investigators have been able to study the 
effects of hypnotically induced elation, depression, and hypochon- 
dria upon Rorschach records (Levine, Grassi, and Gerson, 1943, 
1944). 


Procedure 


The present experiment involved the description of six pictures by 
three Ss when in each of three different moods: happy, critical, and 
anxious. The Ss—upperclass students in their early twenties, one man 
and two girls—were picked from a number of volunteers because of the 
ease with which they could be made to pass into the deepest stages of 
hypnosis. 

The six photographs were chosen from current magazines. They showed 
young people of college age in a variety of situations, such as attending 
a seminar, digging in a swampy area, jitterbugging, engaging in battle 
activities, and lying on a sunny campus. 

Each of the three Ss completed his portion of the experiment at one 
sitting and independently of the others. Each knew nothing of the ex- 
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periment's purpose. The process of creating each of the three moods was 
done gradually, after the S had been deeply hypnotized. The final sug- 
gestion for the happy mood was as follows: *Now you are feeling very 
happy and you are in a cheerful and joyous mood. You feel as if every- 
thing is rosy and you are very optimistic. You have a comfortable feeling 
of well-being; nothing is worrying you. You feel perfectly at peace with 
everything and everyone. You are in a very happy, cheerful, and opti- 
mistic mood." It was noticed incidentally that facial expression tended 
to change with each mood. 

_ After the S had described all six pictures, he was told to relax, close 
his eyes, and rest awhile. The happy mood was removed and the S was 
brought back to his “normal” hypnotic state. He was told that he would 
forget having seen the pictures just shown and that he would also forget 
what he had said about them. Then the S was gradually put into a 
critical mood. The final suggestion was: *Now you are very critical; you 
are quick to find fault and to condemn unfavorably. Your judgment of 
others is very harsh and severe. You see failings and faults very clearly. 
You are very critical and fault finding." The procedure of showing the 
Six pictures, taking down the descriptions, then wiping out the induced 
mood, and suggesting amnesia for the pictures and for what had been 
said, was the same as for the happy mood. 

The final suggestion in producing the last or anxious mood was: “Now 
you are quite anxious. You are disturbed over some possible misfortunes. 
You are disquieted and concerned as to something in the future, You are 
a little fearful and mildly alarmed. You have a feeling as if you were 
expecting something disagreeable to happen, yet were not sure that it 
would. You are quite anxious. 

In each mood, Subject A was told to tell something about what was 
seen, as well as exactly what he saw in each picture. As 
ports tend toward accounts of what he thou 
tured, or of what it reminded him. Subjects B and C were told to tell only 
what they saw in each picture; consequently they limi 

; : у they limited themselves 
more to what was actually in the picture and added less interpretati 
material. The pictures had no titles and were shown one D erpretative 
in the same order. None of the Ss showed any тее“, me always 
seen the pictures while in the preceding mood. The Е а lg 

S's description of each picture as he gave it (see tables on the following 
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RESULTS AND CONCLUSIONS 


—- cs eS 
The induced attitudes are influential in determining what th 


observes, In the happy mood, A describes picture IV as “a d 
ful faculty group"; but in the anxious mood A's attention is foc е 
entirely upon one recently deceased member of that group. ris 
moods are much more noticeable, however, in their effects on ч 
interpretation of what is observed. The meanings and iunii v 
tached to the activities Shown in the pictures and the props : 
causes and results of those activities are usually very differen 
f 


rom mood to mood. In a happy frame of mind the Ss see the soldier 
in picture III “as bein 


"back to safety," or to a 
these same Ss say the s 
emergency case," “j 
in a happy mood, 
a good time.” But when in a criti 


5 observed and on the train of thoughts 
suggested by the observations. 


To gain a more objective appraisal of the extent to which the 
three attitudes actually ; 


» Were submitted to three judges. 
The instructions given the judges were: “The statements you have 
been given are brief descripti i 


times, if any, each of these th: 


У mood averaged, 
of happiness, .24 
: nxiety (Table 4). 
Under the critical mood, the average statement had three indica- 


Р N 
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tions of criticalness and negligible indications of each of the other 
two attitudes. The effect of the anxious mood was not quite 50 
clearcut: anxiety was indicated 1.44 times per statement, happiness 
-17 times, and criticalness .50 times. In every case the difference 
between the mean number of indications of the induced mood and 


the mean number of indications of each of the other two moods 
was statistically significant, 


Ап anxious mood, as developed in this experiment, apparently 


tends to produce an appreciable number of remarks which three 
judges label as indicators of criticalness. The judges sometimes 
found it difficult to decide whether the remarks made during the 
anxious mood were critical, anxious, or neutral. The great majority 
of the descriptions written in the happy or critical moods, however, 
did not contain even a single remark which, according to the judges, 
was indicative of a mood other than the induced one. In some 
instances the mood exercised such a profound influence on percep- 
tion that the picture would not be recognized from the description 
as the same one described in the other two moods. 


These results would seem to indicate that (1) common sense and 
clinical insight are correct in assi 


ings, and attitudes in the determ 
and that (2) 


[5] 

The Honi Phenomenon: A Case of Selective 
Perceptual Distortion ' 

WARREN J. WITTREICH 


Stability and continuity are the rule rather than the exception in 
ordinary perception. In spite of constantly shifting impingements 
upon its sense organs, the human organism does perceive the world 
in an orderly and sensible manner. However the facts of everyday 
perception are not explanations, and it is often only by deliberately 
distorting or changing the commonplace that we can shed any light 
on the processes which allow anything to become "commonplace" 
in the first instance. Perceptual distortions have therefore come to 
play an important role in the understanding of basic perceptual 
processes. Recently a number of devices have been developed 
which deliberately place cues in conflict to such an extent that strik- 
ingly dramatic perceptual distortions can be obtained. 

А number of distorted rooms have been constructed in which the 
floor slopes up to the right of the observer, the rear wall recedes 
from right to left, and the windows are of different sizes and trape- 
zoidal in shape. When an observer looks at any one of these rooms 
from a certain point with one eye the room appears normal or 
almost normal, as if the floor were level, the rear wall at right angles 


! The work reported in this paper has been done under contract Nonr-27014 
with Princeton University, a project initiated by the Professional Division, 
Bureau of Medicine and Surgery. The opinions expressed are those of the indi- 
vidual author and do not represent the opinions or policy of the Naval Service. 


source: W. J. Wittreich, "The Honi Phenomenon: A Case of Selective 
Perceptual Distortion,” Journal of Abnormal and Social Psychology, 1952, 47, 
705-712. Reprinted by permission of the American Psychological Association 
and W. J. Wittreich. 
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to the line of sight and the windows rectangular and of the same 
size? 

One of these rooms has been built large enough so that people 
can enter the room and walk about in it, What the observer typically 
sees when he watches someone moving about in this room is a strik- 
ing alteration in the observed individual’s size. When standing in 
the corner to the observer's left, the person appears abnormally 
small; in the other corner he appears abnormally large. When walk- 
ing from one corner to the other he appears to grow or shrink in 
Size, depending upon the direction in which he is travelling. À 
smaller model of this room permits hands or faces to appear through 
the rear windows. As with the larger room, the hands or faces 
appear abnormally large or abnormally small, depending upon 
whether they are in the window to the observer’s right or left. 

The study to be reported here received its impetus from an 
unusual instance in which this typical pattern of observation was 
not reported, In 1949 a woman observed the faces of her husband 
and another man through the rear windows of the smaller room. 


The face of the other man was described as distorted in the usual 
manner, but no size changes w 


band; his face was described 


shrink and looked large or small, 
which he was observed. But again 


2 These rooms were designed by Ad fox oF 
erceptual demonstrations. This descripti aeo» as part of a series 
E F. P. Kilpatrick, "Experiments in Te ene modified from W. H. Ittelson 


^ ific American, August 
: E à can, Augu 
York: Macmillan, 1950). re Why of Man's Experience (New 
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ducible with other individuals? What are the psychological condi- 
tions which account for such a performance? 

This paper reports two experiments which answer the first ques- 
tion by producing the Honi phenomenon in unmistakable fashion 
with a number of other people. The obvious and outstanding rela- 
tionship between the woman and her husband in the original situ- 
ation was simply the fact that they were married. It should also be 
noted that both were over sixty years of age, and that he was a 
very distinguished man whom she greatly admired and to whom 
she was devoted. The assumption was made that if the phenomenon 
has been observed in this couple, it might very well be observed in 
certain other couples. A group of couples, the majority of whom 
had been married for a relatively short time, were selected as sub- 
jects primarily because of their availability and willingness to 
participate in the experiment. 

In the first experiment an attempt was made to reproduce condi- 
tions under which the phenomenon had originally been observed, 
with the addition of needed experimental controls, All that was re- 
quired of the S was a description of people observed in the room. 
It was assumed that if a description of what appeared to be a case 
of selective perceptual distortion had been obtained in the original 
situation, it could be obtained again. The prediction was simply 
that an individual, when observing both a stranger and his or her 
marital partner in thé room, would report less distortion in the 
description of the marital partner than in the description of the 
stranger. The second experiment was an attempt to confirm what 
was found in the first experiment, and to obtain a quantitative 
measure of the difference in the relative distortion of the marital 


partner as compared to the stranger. 


EXPERIMENT I? 


Ten married couples provided a sample of 20 Ss in this experiment. 
At the time of the experiment six of the couples had been married less 
than one year. The remaining four couples had been married two, three 
and a half, five, and ten years, respectively. (See Table 1.) 

? The experiment reported here is part of a larger pilot study which is re- 


ported in detail in Е. P. Kilpatrick (ed.), Human Behavior from the Transac- 
tional Point of View (Hanover, N. H.: Institute for Associated Research, 1952). 
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in this experiment. 
Both the small and the large rooms were employed in this ag $ 
Both rooms were viewed with one eye only. With the small jp iA 
was asked to describe: (a) the room itself, (b) the hands cds B s 
menter placed through the rear windows, (c) a marble whic poe im 
the room and gave the appearance of rolling uphill, (d) es a tub 
with two people putting their heads through the rear wip omen 
strangers, and one stranger and the marital partner. (Each p ТОНОП 
seen once in each window in each of the above situations.) Le Ийе 
а, b, and c were requested primarily to see it nus S was initially obse 
the room and objects in the room in the typical manner. Ў А 
With the largo room the S was asked to describe: (a) the "s е 
(b) two situations with two people standing in the corners of T e sea 
two strangers, and one Stranger and the marital partner (each р (с) 
Was seen опе in each corner in each of the above situations) ; ma the 
two different people walking from the corner on the observer's p een 
corner on his right and back again: a stranger, and the marita Pe bed. 
The entire experiment was recorded on a wire recorder and transc 


REsuLts 


An analysis was then 
mine whether or not the $ 


pected direction, i › not onc 


е. © was the marital partner described 
as being more distorted th 


an either or both of the strangers. It us 
at, although the exact same people did 
not display the phenomenon ; 


ing both Situations to 


gether, it can be 
er of all the couples 


‘ € phenomenon, That si 
tion was a man married only two years, 


Because of space limitations only selected Portions of the indi- 
vidual protocols which contain material Specifically relevant to the 
hypothesis will be presented. In reading these Protocols it is worth 
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noting a number of things. First of all, when an S reports a ped 
ence, he does so in a spontaneous manner, and he, himself, o on 
appears to be struck by both the existence of this difference an 
the direction it takes, Second, it will be noted especially in proto- 
cols D and E in the large room that while the marital partner is 
maintaining some degree of constancy, the room itself is undergone 
a process of increasing distortion. It appears almost as though t 

S is faced with a choice of distorting either the marital partner or 
the room, and he chooses to distort the latter. In all of the following 
protocols the marital partner is capitalized. 


Small Distorted Room 


А. Male, married 3 months: Нен looks bigger, but it doesn't Toa i 
much bigger than Bruce’s did to yours although the windows loo! xd 
Same. It still looks bigger but it doesn't look a great deal bigger. 
think her head is bigger than Bruce’s anyway naturally. aes 

B. Female, married 7 months: I can’t get over it. Вов'ѕ head арр ad 
to be far away and Bruce's head appears to be close, and Вов he i 
appears normal—uh, fairly normal—it’s small, but it’s more in proportio 
than Bruce's. That's all. , 

C. Male, married 4 months. Bunny’s head looks normal, but P 
head is much larger than you would expect. (Heads reversed) No 

i » because of the size of the window; but not 50 


much as it was the other way around. Bruce's head looked much larger 
than Buxxv's does. 


; : eversed) "That's right. That's amazing. 
Bruce's head looks larger but Nancy’s осо (Nancy) hea 
doesn’t seem to have shrunk much, Bru 


that's all. S bigger than he is. I think 

F. Male, married 11 months: Well, now it’s reversed. As a matter of 
fact, Bruce looks larger in comparison to CHARLOTTE than ed 
did to Bruce in the previous situation, Other {һап Size I can't see any- 
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thing unusual. The faces appear normal, except Bruce seems closer and 
his face looks larger. 


Large Distorted Room 


A. Male, married 4 months: Bunny’s head looks about the size or 
smaller than this light bulb in the room, and Bruce's looks twice as large. 
Bruce looks like he's about—yeah, yeah he looks twice as tall as BUNNY. 
Twice as large, not only in height, but in width and everything. And 
uh—the left window's grown larger than the right. Bruce looks much— 
of course that is in relation to the people—the left window dwarfs 
Bunny and the right window is dwarfed by Bruce. When I look at the 
feet, the slant isn't as pronounced as you might think it is. But it is a 
terrific slant. But it doesn't look too bad from here. (Change places) 
Oh geez. It's the same relationship, but Bunny looks—Bruce looked much 
taller than he should have—and Bunny looks about her size. I mean I 
could get in and stand beside Bunny and look the same way she does— 
about the same size. Bruce looked much taller than Bunny does, but 
Bruce at the same time looks as small as Bunny did. The same holds with 
his head in relation to the light bulb and BuxNv's too. But the fact is, I 
think more of it is tied up with the fact that you know one person so 
much more, you know. I mean I can put myself in BuNNv's place and I 
know darn well that-uh—that's just about the size she would look. 
Doesn't make her look much larger, but Bruce it makes look smaller. 
Bruce looked like a giant standing in the corner and Bunny looks normal, 
but at the same time I know darn well Bruce can't be that much smaller 
than Bunny is. I mean on the street for example. She doesn't look like a 
giant and Bruce did. Put it that way. And now Bunny looked like a 
midget and so does Bruce. Geez when I think back—even smaller he 
looks. I have to look at Bunny in that corner again to tell you if Bruce 
looks smaller. 

(Walking from corner to corner—marital partner) Well, Bunny went 
from—everybody looks the same in that other corner—but Bunny went 
from half her size to her normal size. I mean she looks normal now; she 
doesn’t look any larger than she usually does. She got larger, but she 
didn’t reach proportions which were beyond her normal. Geez, that's 
amazing, She doesn’t start to get very much smaller until about two 
steps away from that very far corner there. All of a sudden she gets real 
small. And she’s much further away now, too. Everybody looks the 
same size in that corner. (Stranger) Bruce gets larger and he gets larger 
than I know his size is, whereas Bunny didn’t. When he stands over in 
that other corner he looks the same size; I mean they both look very 
small Now he looks larger than he usually does-you know—I mean 
when we're standing outside here. I notice his feet look larger than they 
did in the other corner—about size twelves up here and size fours down 
there. I guess he looks closer, but I can’t remember. Yeah he does look 
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closer than he did in the other corner. He got smaller again, = 
didn't get smaller until he got practically two steps before pi is 
Have him stand in the middle. Now he looks his normal size. Nov 
looks like Bunny did when she was way up in that corner. йе 
B. Female, married 11 months: Davin? Davip looks small gam call 
doesn’t look—uh—really as small as Bruce did the last time, but » did 
looks considerably smaller than he is. And Bruce looks the kem h 
last time. Oh Bruce looks a lot bigger. Davip's farther away ed 
(Change places) Hah. Hah. Hah. Davi, Davip—uh- darling Y much 
pretty much normal except you aren't standing up in the corner ind 
there so you're closer to the middle of my eyes so you don't look tall. 
Bruce looks very small. Davo looks big. E | hill. 
(Walking from corner to corner—Stranger) Bruce is walking VP ts 
And now he is very tall, and he was small when he started. gom 
walking downhill, and now he's small again the way he started. В is 
partner) Well Davi just walked uphill too, but he looks . . . oe I 
that's all. (He looks what?) Well, he looks more normal to me Me = 
feel I'm a lot closer and it's more in proportion. Oh my, this is Hout 
Well now he looks very far away. And he looks smaller, but he doe he 
look awfully small. I mean he doesn't look awfully small. I mean nly 
doesn't look—uh—sort of very little. He looks more average size О 
much farther away. | is 
C. Female, married 4 months: Good night! Well, now the difference 
tremendous because Bruce is so smal 
about it. I know Bon is ta 
Bruce's height seems trem 
Bos look taller than usua 
doesn't look taller than usual. Not es; 
small. He's just minute, That's ju: 


E. Male, married 2 years: Sarry appears about | of 
course Bob looks smaller. But Saruy doesn’t bd uy de a ү 
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Bob gets down there and Satty gets up here it seems to change the 
appearance of the room slightly. The back wall there—it seems to make 
that window next to Bob seem a lot larger to me than the window on 
the right behind Sarrv, a lot bigger than if I were just looking into the 
room without anyone in it. 

Е. Male, married 3 months: Sue looks about normal size. They look 
about equal in height. Louise is much—just bigger. Her face is larger, 
but in height Sue is about equal to Sally. Sally look about % her normal 
size. 

G. Male, married 3 months: Sue not only goes from left to right, 5нЕ 
grows big and Sue also comes a little bit towards me. SHE grows small 
but it looks so funny to hang on to things. SHE seems to go away from 
me just a little. Now SHE seems to be down and away from me just a 
little. Bruce looks the same as last time. When I look between windows 
he looks like a midget in a small room. When I look at him he seems 
like a guy standing in a far corner—not a normal far corner. Jan is very 
tall. Sue is right up to the ceiling. Sue seems to be more in proportion 
than Bruce. 


ExPERIMENT II 


As mentioned previously, this experiment was designed both to con- 
firm the results of the first experiment and to provide a quantiative 
measure of the phenomenon. А number of assumptions underlie the pro- 
cedure employed in this experiment. A person walking from the left to 
the right corner in the large room appears to go from very small, through 
a point of actual size, to very large. The reverse happens if he goes 
from the right to the left hand corner. If an S is set the task of subjectively 
determining the point at which the observed individual looks his normal 
size when walking from either corner, we would expect, on the basis 
of what was found in the first experiment, that a stranger would have 
to walk a greater distance from either corner than the marital partner in 
order to appear normal size. Conversely, since in either corner the marital 
partner appears normal, or more normal than a stranger, the partner will 
not have to move as far from that corner as the stranger will in order to 
appear of normal size. Furthermore, the magnitude of the difference 
between the distances traversed by the stranger and by the partner can 
be used as a quantitative measure of the magnitude of the phenomenon. 
At one extreme would be the case in which both stranger and partner 
had to walk the same distance; we would assume here that the phe- 
nomenon did not occur. The other extreme would be when the partner 
looked perfectly normal in the corner and did not have to move at all. 

Hence the major prediction made in this experiment was that when 
the S is set the above task in the large room the point at which the 
marital partner appears normal will be significantly closer to the starting 
corner than will the point at which a stranger appears normal. It was 
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also decided to specify the sex of the stranger, that is, pur ры 
parison of the partner with both a stranger of the same sex qs a erue d. 
of the opposite sex, in order to see if a sex difference might be о ile 
This specification as to the sex of the stranger had not been con 
in the frst experiment; the strangers used were males. ive: Bg. 
In this experiment six married couples provided a total of z ^ ееп 
АП couples but one had been married one year, and that couple hz 
married one year and three months. —À 
Again, the S was first asked for a description of the empty al (either 
Serving the room from the specified point. Then an individua A gente 
€ partner or stranger) was introduced into the room and stooc 1f the 
of the two corners. The S was asked what this person looked Ше, hee 
individual was described as being either too large or too small, 
received the following instructions: 
When I tell (the individual in the 
slowly across the back wall. I w 
soon as you feel that 


room) to do so, he is going to gal 
ant you to tell him to stop walking s 
he looks his normal size, that is, the same size ? 
if he were standing out here (outside of the room). | ions 
After E obtained assurance from S that he understood the instruon Н 
S was asked to make two such judgments, once from the left corner à 
once from the right, for each of the following: van 
1 One person in the room only: (a) the marital partner, (b) ipi 
of same sex as the subject, and (c) stranger of opposite sex to that 0 i * 
2 Two people in the room, each one standing in a corner, but өгү 
опе person moving across the wall at a time: (a) the marital partne 
and stranger of same sex as S, (b) the marital partner and stranger О 
opposite sex to that of S, and (c) stranger of same sex and stranger 0 
Opposite sex. 
Each judgment was recorded as the 
position on a measurng tape which 


arital partner in the room for the 
a further description of the room: 
I want you to describe the room to me again 
possibly can." This was done to see if the 
тоо: а mpanie 
by an increase in the distortion of the room itselt a: ren g Both 
after the introduction of the marital 
"Y ae Scale, which provided 
Was descri i istorte 
in any way whatsoever: the floor, ceiling, walls a degli УЯ 
ture, and miscellany (for example, the ]i hting fixture) | | 
The readings on the tape measure provide s 
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perimental results. The S made a total of 18 judgments: 6 each for the 
marital partner, the stranger of the same sex, and the stranger of the 
opposite sex. Also available were the before-after distortion scores. 

Because of the slant of the back wall it was necessary to convert the 
measurements in inches on the tape measure into angular displacement. 
This was done through the following steps: 

1 The hypothetical center point on the rear wall was obtained by 
determining the point on the tape measure which was intersected by the 
median plane of the observer. 

2 All readings were then converted into angular displacement from 
this center point, all readings to the right of center receiving a plus 
designation. 

3 Reference points of 15* to both the left of the center point and to 
the right of the center point were selected. All readings coming from the 
left had a constant of plus 15 added to them; all readings coming from 
the right were first multiplied by minus 1, and then had a constant of 
plus 15 added to them. Consequently all minus numbers were cancelled 
out and comparable distance scores were obtained for all Ss coming from 
either corner. It should be pointed out here that, in terms of the original 
hypothesis, the actual distance traversed by each individual was not of 
primary interest. It was the difference between the points reached by 
different individuals that was of interest, and this difference remains 
unchanged no matter where the reference point is selected. The reference 
point is used for computational convenience. 

4 For each individual observed by an S a mean position score was 
obtained by averaging the judgments (transformed as described above). 


RESULTS 
The results for the experiment are presented in Table 2. An 
examination of this table indicates that the basic hypothesis is borne 


TABLE 2 


Differences in Mean Position Scores for Groups Observed: 
Marital Partners, Strangers of Sex Opposite to Observer, and 
Strangers of Same Sex as Observer 


Respective Mean Diff 


Groups Compared Position Scores Р 
Stranger opposite sex-M.P. 17.09* 15.64° 1.45° .001 
Stranger same sex-M.P. 16.81* 15.64* 127° 10 


Stranger opposite sex-stranger same 
sex 17.09* 16.81* .98* 50 
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out: the marital partner was required to walk a shorter distance to 
be judged his or her normal size than either of the two strangers. 
The difference of 1.45? between the marital partner and the stranger 
of the opposite sex is significant at the .001 level of ignis 
(t= 3.48). The difference of 1.17? between the marital partner a 
the stranger of the same sex is significant at the .10 level of signi Р 
cance (t = 1.95). The difference of .28° between the two groups E 
strangers is negligible (t = 0.83). The difference of 1.45? and 1l { 
represent approximately 8 per cent and 7 per cent, respectively, а 
the observer's visual field within which the differences were 09- 
served, and correspond roughly to a six-inch difference on the tape 
measure. 

Ап examination of the before and after room distortion герге, 
obtained as previously described, indicates that the mean room [a 
tortion score for the sample of Ss increased from 9.5 to 4.0 after eei 
introduction of the marital partner, and this increase is significan 
at the ‚001 level of significance. This must be interpreted with Gate, 
however, since the nature of the cues offered by the introduction 
of anyone into the room would tend to make the room more dis- 
torted, certainly not less distorted. Yet it is interesting to compare 
the before-after distortion scores for the four Ss whose "measure 
distance" results are most in accord with the basic hypothesis with 
the four Ss whose "measured distance" results are least in ассог 
with the hypothesis. The former group has mean distortion scores 
of 2.25 and 4.25, a difference of 2.00 in the predicted direction. The 
later group has mean scores of 1.75 and 2.50, a difference of only 
0.75 in the predicted direction, Naturally such a small sample pre 
cludes drawing any definite conclusions from such a comparison; 
but it is suggestive of the possibility that the room distortion score 
does have meaning insofar as it aids in selecting those Ss whose 
reported perceptions are most in accord with the basic hypothesis. 


Discussion 
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for example, in the large and the small distorted rooms. This has 
been termed the “Honi phenomenon.” The results from both experi- 
ments point to the conclusion that the Honi phenomenon is a repro- 
ducible instance of behavior which can be described adequately in 
both a verbal report and a quantitative measure and which is 
capable of having the variables associated with it roughly specified. 
This reported difference in distortion is capable of being quantified 
to the extent that a measurable difference can be obtained from the 
points on the back wall at which the marital partner and the 
stranger are judged to be of normal size when moving from either 
corner. In addition to the mere occurrence of the phenomenon, it 
should be pointed out that within the groups of S used marked 
individual differences were found which apparently were not due 
to chance factors, but seemed instead to be due to certain variables, 
as yet unspecified, contained within the situation itself. 

The confirmation of the phenomenon plus the likelihood that the 
observed individual differences are real raise a very fundamental 
question which this paper cannot and does not attempt to answer. 
What are the psychological variables which can adequately explain 
both the phenomenon and the individual variations within the range 
of behavior provided by the phenomenon? The variable employed 
in both of the experiments is marriage, or various length of mar- 
riage. It may be assumed or inferred that this variable implies 
certain interpersonal, emotional, and valueful relationships be- 
tween those married which cannot be assumed or inferred from 
the relationships of those not married. But the variable is itself a 
psychologically meaningless one, and no amount of assumption or 
inference can adequately specify those variables which are psycho- 
logically meaningful and which can adequately explain the ob- 
served behavior. Such information is obviously not contained in the 
experiments reported here, and only further experimentation can 
provide such information. 

However, the experiments reported here do provide some hints 
as to possible hypotheses which can provide a basis for further 
experimentation. In the first experiment all of the instances of the 
phenomenon but one were reported by Ss who had been married 
less than one year. The differences obtained in the second experi- 
ment were from a sample of twelve in which all but two had been 
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married less than one year. This would seem to suggest that the 
meaningful variables might be found through an examination of 
the relationships which are typical of the very earliest stages of 
marital life, although it must be remembered that the phenomenon 
was first observed in a couple that had been married over 25 years. 
It would also indicate that any explanation of the results reported 
here simply in terms of frequency would have to be rejected, since 
the results indicate a negative correlation between length of mar- 
riage and size of the reported or measured difference. In other 
words, the fact that one person has looked at another person more 
often does not explain the difference, and the results appear to 
contradict such an explanation. 

Furthermore, it should be pointed out that any explanation of 
the experimental results must take account of something other, or 
something more, than just the nature of the retinal pattern and/or 
the nature of the stimulus configuration. The observer in this situa- 
tion is faced with a definite conflict; apparently he cannot make 
both the room and the people in it look normal at the same time. 
Presumably one of the two has to be seen as distorted. The typical 
instance is to see the room as normal, and the people as distorted. 
In the atypical instance, the Honi phenomenon, the reverse appears 
to hold true: the room is seen as distorted and the marital partner 
as normal. The fact that both instances can and do occur indicates 
that in no sense can either instance be considered as "stimulus 
bound”; the stimulus and its retinal impingement are not, in and of 
themselves, an adequate explanation of the observed behavior. 

It can readily be seen that the work reported here is entirely 
compatible with a great deal of experimental work which has been 
done within the framework of the so-called "transactional" view- 
point. As such, this experiment provides another instance in which 
a truly adequate and satisfactory explanation of the results must 
come from à consideration of the total "transaction," in which the 
perceiving mechanism and the stimulus configuration are merely 
integrally related parts, and in which the assumptions, needs, val- 
ues, and purposes of the perceiver are equally as important. 
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SuMMARY 


Two experiments were conducted in an attempt to see if an ob- 
servable and measurable difference could be obtained in an observ- 
er's description of his marital partner as opposed to his description 
of a stranger, when both were observed in the large and the small 
distorted rooms. 

The first experiment employed 12 couples, an N of 24, and utilized 
a purely verbal method of description. Both the large and small 
rooms were employed. A number of marked differences were ob- 
tained in which the marital partner was reported as being less dis- 
torted than the stranger. All but one of these differences were 
observed with Ss who had been married less than one year. 

The second experiment attempted to quantify this difference by 
measuring the difference in the points on the back wall of the 
large room at which the marital partner and the stranger were 
judged to be of normal size when walking from either corner. Six 
couples, an N of 12, were employed as Ss. The obtained difference 
was significant and showed that the marital partner moved a shorter 
distance from either corner than the stranger to be judged normal. 

It was pointed out that the variable employed in this experiment, 
marriage or length of marriage, was psychologically meaningless 
and could only suggest hypotheses for further experimentation 
which might provide a more satisfactory variable or set of variables. 
It was also noted that any adequate explanation must be provided 
in terms of something more than just a consideration of the perceiv- 
ing mechanism and the stimulus configuration. 


[6] 
The Moon Illusion, II 
IRVIN ROCK and LLOYD KAUFMAN 


The horizon moon appears to be larger than the zenith moon; this 
is called the moon illusion. In the last issue of Science (Kaufman 
and Rock, 1962) а new technique for studying this illusion was 
described. It consists of a device which permits the observer to 
view a disk of light or artificial moon on the sky. The size of the 
disk can be varied. Using two such devices the observer can com- 


Ficure 1. The artifical moon a: 
at the horizon through the combini; 


S it would be 


ng glass, with 
view the scene directly with his oth. 


edges of the combining glass, 


Seen by an observer looking 
? one eye. The observer would 
er eye; thus any disturbing images of the 
or of the clamp, would tend to be washed out. 


SOURCE: І. Rock апа L, Kaufman, * 
136, 1023-1031. Reprinted by permissi 
Advancement of Science and Í. Rock. 


The Moon Illusion, 11," Science, 1962, 
on of the American Association for the 
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Ficure 2. The artificial moon as it would be seen by an observer looking 
at the zenith through the combining glass. The dark regions in the two pictures 
are an out-of-focus image of the clamp that holds the combining glass. 


pare a standard disk set in one position of the sky (for example, on 
the horizon) with a variable disk set in another position (for ex- 
ample, at the zenith) (see Figures 1 and 2). The variable selected by 
the observer to match the standard in size gives a measure of the 
magnitude of the illusion. Experiments carried out with this tech- 
nique failed to support the earlier finding that the illusion was 
based on the elevation of the eyes with respect to the head (Holway 
and Boring, 1940). It was also shown that the illusion was not based 
on changes in the color or brightness of the moon. Here, in part 2, 
we discuss work on the apparent-distance hypothesis. 


Tue APPAnENT-DisrTANCE HYPOTHESIS 


We are now ready to consider the hypothesis that the illusion is 
based on the sense of great distance which the observer has when 
viewing the moon directly above the horizon. This sense of distance 
is created by the terrain, which for present purposes, may be de- 
fined as a stimulus which yields the impression of a plane receding 
from the observer. (It should be noted here that the sense of dis- 
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tance or apparent distance need not necessarily correspond to the 
subject's report of distance, This point was discussed earlier [Kauf- 
man and Rock, 1962] and is covered in more detail later.) We have 
already shown that the moon illusion cannot be explained by fac- 
tors operating in complete darkness, even when the moons Gom 
pared are at optical infinity. This finding can be taken as supporting 
the apparent-distance hypothesis, because, in the case of the ordi- 
nary illusion, the zenith moon is essentially a disk at optical infinity 
surrounded by a homogeneous field, Therefore, in effect, the dark- 
field experiments may be said to eliminate the visible terrain in 
viewing the horizon moon, and in so doing, to abolish the illusion. 

THE EFFECT or OBSCURING THE TERRAIN FROM View. We also 
tested this deduction somewhat more directly by obscuring the 
terrain under outdoor conditions. The observer compared an arti- 
ficial moon set near the horizon with another artificial moon seen 
through a X-inch aperture in a large cardboard mounted in front 
of the second instrument. The latter “reduction moon” was located 


required to place his head against the cardboard and look through 
the aperture at the moon reflected by the combining glass, Because 
the reduction moon could be viewed with only one eye 


50 as to locate the disk in th 
procedure for each of these comp 
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of the effect was about the same as that obtained, with other sub- 
jects, for the ordinary moon illusion for this same scene (1.38), 
under similar sky conditions. [It is worth noting in passing that this 
result, obtained with monocular viewing, fails to support the con- 
clusion of Taylor and Boring (1942) that binocular vision is essen- 
tial for a moon illusion. We know of two monocular individuals 
who report experiencing a moon illusion. Binocular viewing should 
not be crucial, according to the apparent-distance hypothesis, be- 
cause the important stimulus to distance, the terrain, is received 
monocularly.] The mean ratio obtained in a comparison of the re- 
duction moon with the zenith moon was 0.99 (standard deviation, 
0.04). There is thus no illusion when the terrain is blocked from 
view. 

REVERSAL OF THE ILLUSION By Means or Minors. If the pres- 
ence of the visible terrain is indeed crucial, as the foregoing evi- 
dence suggests, it should be possible to reverse the illusion by giving 
the zenith moon a terrain, so to speak, and at the same time depriv- 
ing the horizon moon of its terrain. In other words, if one were to 
see the zenith moon over a horizon at the end of an apparent ter- 
rain, it should appear larger than a moon viewed horizontally but 
not in connection with a terrain—a moon surrounded on all sides 
by sky. 

We achieved this condition by requiring the subject to view each 
artificial moon through a right-angle prism, which is essentially a 
mirror at a 45? angle to the line of sight. The observer is seated with 
his back to the terrain scene he is to view. To see one moon he tilts 
his head and eyes upward to 90° so as to view the scene through 
the prism. The prism opening is 5% inches long and 1% inches high. 
The observer places his eye as close as possible to the prism. Directly 
behind the prism and off to one side is the small combining glass 
which reflects an artificial moon so as to make it appear within the 
mirrored scene. The observer then sees the terrain stretching verti- 
cally upward. The artificial moon is made to appear on top of the 
perceived horizon. To see the other moon, the observer looks through 
a second prism (below a combining glass), which reflects the zenith 
sky in a horizontal direction. Hence he sees the artificial moon 
straight ahead, in a horizontal direction, but instead of seeing terrain 
below it he sees sky surrounding it. 
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This particular experiment was performed on the roof of the 
Graduate School of Education Building of Yeshiva University, on 
57th Street in Manhattan. Because it was not necessary to remove 
the apparatus daily, as was the case on the Hofstra campus, the 
instruments were attached to a wooden framework. The zenith unit 
was clamped to a horizontal board, which the observer could view 


mam 


Ficure 3. One of the scenes u 
was located between the buildin 


sed to study the moon illusion. One moon 
k : gs directly over the horizon. The other was 
placed in the zenith sky. When this Scene was inverted by means of prisms 
the illusion was considerably reduced 


- Note the г 
depth when the scene is viewed upside 


down. 


was at a distance of well over a 
mile (Figure 3). 
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Ten students of Yeshiva University were used as subjects. To 
compare the illusion obtained with the mirrors with that obtained 
under normal conditions, we had the subjects of the mirror experi- 
ments view the same scene without the mirrors. This control condi- 
tion indicated the magnitude of the illusion to be expected under 
conditions that were comparable except for the use of mirrors. 
Half of the subjects viewed the mirror scene one day and the regular 
scene the following day. For the other half the order was reversed. 
The procedure of measurement was otherwise identical to that 
employed in the previous experiments. 

The mean ratio for the mirror experiment was 1.87 (standard 
deviation, 0.28) and for the control variation, 1.56 (standard devia- 
tion, 0.25). The difference is statistically significant. Because the 
scene of a city street with buildings surrounding the horizon sky 
might be considered a special case (and certain facts support this 
view), the experiment was also performed at the Hofstra College 
site, with minor variations in the physical arrangement of the ap- 
paratus. For nine subjects the mean ratio was 1.34 (standard devia- 
tion, 0.25). This value is significantly lower than the ratio obtained 
without mirrors at the same location and under similar cloud 
conditions—namely, 1.54 (standard deviation, 0.19). The ratios ob- 
tained with and without reversal are strikingly similar in the two 
experiments. 

The results thus show that we were successful in reversing the 
illusion, although the magnitude of the effect obtained is not as 
great as that of the ordinary illusion. Does this mean that the 
visible terrain is not the whole story—that some other factor, such 
as angle of regard, also plays a role? It must be borne in mind 
that, from the standpoint of an angle-of-regard theory, not only 
should the illusion not have been reversed but the true horizon 
moon should have continued to appear larger. Hence, if both factors 
were operating and were of equal strength, we should expect them 
to cancel each other out, because they are in opposition. The 
obtained reversed ratios of 1.37 and 1.34 in the two experiments can 
then only mean that if an angle-of-regard factor were involved, it 
must have exerted only a very weak influence. More plausible, 
therefore, in the light of this reasoning and all the evidence cited 
earlier against an angle-of-regard theory is the conclusion that the 
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reduction in the size of the visible field, as the observer looked 
through the tank prism, reduced the impression of depth yielded 
by the scene. (Also, the frame of the prism may have provided a 
Constant reference system for judging visual angle.) Moreover, 
looking up at a landscape aligned perpendicular to gravity is un- 
natural, and this may have been a factor. If these conjectures are 
Correct, one may say that the effect nevertheless obtained is very 
impressive indeed. 

It seems clear, then, that it is the presence of terrain in one case 
and the absence of terrain in the other that is the major factor in 
the moon illusion. But the objection can justifiably be made that 
this in itself is not sufficiently analytical proof of the apparent- 
distance hypothesis. Perhaps the presence of the terrain stimulus 
pattern adjacent to a moon creates the effect for reasons other than 
the pattern yields a sense of great distance. Although there may be 
no obvious rationale for Such an effect, it still must be estab- 
lished that it is the distance aspect of the terrain stimulus which 
is crucial. 

AN INVERTED TERRAIN. It is 
field of perception that an inver 
loses much of its effect of dept 
unexplained, there is no questi 
make use of it to test the 
server were to view 


a fact known to psychologists in the 
ted photograph of a landscape often 
h (Figure 4). Although this is as yet 
on about the fact, and we decided to 
apparent-distance hypothesis. If an ob- 
an inverted scene he would have a sense of less 
distance to the horizon moon than he has in viewing the scene 
without inversion. Hence, according to the apparent-distance 
hypothesis, the illusion should be diminished. Yet the terrain stimulus 


The observer viewed the 57th Stree 


cardboard thus surrounded the pris 


ms On all sides, serving as a 
shield which prevented the observer E 
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way except through the prisms. He viewed the zenith moon normally, 
without prisms. To compare results of observations with and without 
inversion of the scene, a control condition was included in which 
the observer viewed the scene through an aperture equal in size 
to the two prisms combined—that is, an aperture 3 14 by 1 и 
inches. Four subjects were tested first under the experimental condi- 
tion and six subjects first under the control condition. Otherwise the 
procedure was identical to the measurement procedures described 
previously. 

The mean ratio for ten naive subjects was 1.66 (standard devia- 
tion, 0.32) without the prisms ' and 1.28 (standard deviation, 0.17) 
with the prisms. (Three of the control subjects selected apertures 
at the upper end of the series, so the mean ratio of 1.66 is somewhat 
conservative.) These two values differ significantly from one another, 
and the second differs significantly from unity. Thus there are two 
conclusions to be drawn: (1) the inversion of the scene does very 
appreciably reduce the moon illusion, and (2) there is still an 
illusion even with inversion. 

The first conclusion provides important support for the apparent- 
distance hypothesis. The second leaves us with an unsolved prob- 
lem. It is probable that the inverted scene does not completely 
eliminate a sense of depth. This conclusion is especially plausible 
in the case of this particular scene, which contains a perspective 
pattern derived from the vertical lines of buildings as well as one 
derived from the horizontal elements along the ground plane. The 
perspective based on the vertical elements is not changed with 
inversion. Furthermore, there are other possible cues to the scene's 
true depth, such as monocular parallax. We retained some sense of 
depth in viewing the inverted scene. But there is another factor to 
be considered in the case of this particular scene. The moon is seen 
between tall buildings. Thus, it is framed on three sides, and this 
frame of reference might very well affect the moon's apparent size 

1 The high ratio obtained in the noninversion condition despite the re- 
stricted field of view of the aperture scems to contradict the explanation offered 
for the reduced illusion in the mirror experiment. This is not necessarily a 
contradiction, however, because the aperture is not as deep as that of the right- 
angle prism and allows the observer to see more of the foreground. Also, dif- 


ferent groups of subjects were used in the two control experiments, and the 
cloud conditions were probably not identical. 


128 The Selected Readings 


(Rock and Ebenholtz, 1959). Some additional evidence on this em. 
was obtained in experiments conducted in the laboratory with slid E 
of outdoor scenes. In one such experiment a slide of the 57th Stree 
scene was shown, and, as a control, a slide of a pattern virtually 
identical to that scene with respect to line elements but drawn a 
as not to convey a sense of three-dimensionality. The moon see 
in the control slide was, therefore, also framed on three sides. This 
slide yielded an illusion ratio close to 1.2, quite similar to the ratio 
obtained with the inverted scene. Such a relational effect would b 
in no way changed by inversion of the scene, Thus, it is possible 
that the slight illusion obtained with the inverted scene is due ү) 
à residual depth impression or a relational effect of the surroun 4 
ing buildings, or both. It would be instructive to repeat this s dn 
ment with slides of а more typical landscape, such as the scene a 
Hofstra College, which does not produce a framing effect. =. 
Various authors have commented on the apparent destruction 9 
the moon illusion that occurs when an observer views the horizon 
moon between his legs. Boring interpreted this as evidence Sup" 
porting the angle-of-regard hypothesis. Our finding of a diminution 
of the illusion with an inverted scene (which does not involve any 
change in angle of regard) 
inverting the head brings abo: 
and the latter inversion, fo. 
impression of depth yielded 
be pointed out that looki 
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2,000 feet. Thus, the apparent distance (D1) for the first scene was 
much greater than that for the second (D2). 

Another factor which might conceivably contribute to the differ- 
ential impression of distance to horizon and zenith is the presence 
of clouds, as Helmholtz (1925) and others have speculated. In fact, 
Miller (1943) found the half-are angle to vary inversely with the 
degree of cloudiness. We therefore decided to include a test of the 
effect of cloudiness on the illusion. This was done by testing different 
subjects on totally clear days, on totally overcast days (with struc- 
tured stratocumulus cloud coverage), and on days with broken 
coverage (that is, with clouds predominantly cumulus, and with 
coverage judged to be between 0.3 and 0.7). It was expected that 
the illusion would be maximal on totally overcast days, minimal on 
totally clear days. 

The design of this experiment involved testing subjects under 
six sets of conditions—combinations of the two apparent distances 
and the three types of cloudiness. It was not feasible to use subjects 
as their own controls by testing them under all conditions of cloudi- 
ness, because we obviously could not manipulate the cloud condi- 
tions at will (although we were able to test some subjects for both 
distances). Altogether, 55 Hofstra College students, male and 
female, served as subjects, 20 on overcast days, 20 on days with 
broken cloud coverage, and 15 on clear days. Half the subjects 
tested under overcast and. broken-cloud conditions viewed the 
horizon moon over scene D1 and half over scene D2. Five of the 
subjects tested under the clear-sky condition viewed the moon 
over both scenes, and the remaining ten viewed it over one or the 
other. In this experiment each subject made two ascending and two 
descending series of matches for each moon that served as the 
standard. The procedure followed was otherwise the same as in 
the other experiments. The zenith moon was set at an elevation of 
80°. 

The results are given in Table 1 in terms of the average ratios for 
each of the six subgroups and for overall distance and overall cloud 
conditions. The data of Table 1 reveal an increase in the illusion 
with increasing cloudiness and a greater illusion with greater ap- 
parent distance to the horizon (D1). An analysis of variance shows 
that the cloud-condition ratios differ significantly, as do the distance- 
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condition ratios. (As noted above, five of the subjects were tested 
for D1 as well as for D2. An additional four subjects were also tested 
for both D1 and D2. In all these tests the sky was clear. For eight 
of the nine subjects the illusion was larger for D1. For the ninth 


TABLE 1 


Average Illusion Ratios for Various Distances and Cloud Conditions 
(Ten Observers for Each Cloud-and-Distance Condition) 


Cloud Condition 
Distance Clear Broken Overcast Overall 
Mean SD Mean SD Mean SD (Mean) 
Near (D2) 128 0.17 135 0.27 145 0.21 1.36 
Far (D1) 140 22 l54 19 158 28 151 
Overall 1.34 1.45 1.52 


subject the illusion was the same for D1 and D2. The average for 
these nine subjects was 1.25 for D1 and 1.14 for D2.) These results 
Support the apparent-distance hypothesis and confirm Helmholtz's 


speculations on the role of cloudiness, as well as the findings of 
Miller, Neuberger (1952), and others. 


t ] » Not reported in this article, in 
which the binocular collimator was employed a similar effect was 


obtained. The absolute magnitude of the effect is considerably 


The Moon Illusion, П 131 


TABLE 2 


Average Ratios Given Separately for the Horizon Standard and 
the Zenith Standard 


Horizon Zenith 


Condition Standard Standard Average 
Eyes raised versus eyes level 
Eyes raised 1.46 151 1.48 
Eyes level 1.47 1.46 1.46 
Both moons in same region of sky 
1.07° 1.011 1.04 
Dark field 
1.03 1.03 1.03 
Color (red and white horizon moons combined ) 
1.49 1.93 1.36 
Brightness 
1.53 1.28 1.40 
Obstructed versus unobstructed terrain 
1.41 1.27 1.34 
Obstructed terrain versus zenith 
1.02 0.97 0.99 
Mirror reversal 
57th Street 1.54 1.20 1,37 
Control 1.79 1.33 1.56 
Hofstra 1.49 1,20 1.34 
Inverted terrain 
Prisms 1.37 1.19 1.98 
Control 1.95 1.38 1.66 
Various distances and cloud conditions 

Long distance (D1): 
Clear 1.56 1.93 1.39 
Broken 1.75 1.33 1.54 
Overcast 1.73 1.43 1.58 

Short distance (D2): 
Clear 1.40 1.15 1.27 
Broken 1.44 1.25 1.34 
Overcast 1.61 1.28 1.44 


о Moon viewed with eyes level taken as the standard. 
1 Moon viewed with eyes raised taken as the stantard. 
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smaller than that of the moon illusion itself. A rough approximation 
is yielded by dividing by 2 the average difference between 


Variable zenith setting 
Standard 


and 


Standard 
Variable horizon setting 


for those experiments where such an effect occurred. This yields a 
value of approximately 15 percent; that is, a comparison object would 
have to be made 15 percent greater in size than a standard object 
if only such an error were operating. 

One way of viewing this finding is in terms of a tendency to over" 
estimate the standard; this tendency has in recent years been dis- 
covered by others working on size judgments and called "the error 
of the standard" (Piaget and Lambercier, 1956). In our experiments 
this tendency would increase the magnitude of the illusion when 
the horizon moon is the standard because it makes the already 
arger. It would decrease the 
zenith moon is the standard 


time error for size except for two 
experimentally demonstrated 
er of presentation, only that it 
€ to serve as the standard. In 
€ subject was allowed to check 
€. (2) The effect does not seem 
the moon illusion itself does not 
de an ideal opportunity for ob- 
if one exists. 

‚ the effect does not seem to be 
elf is Present suggests another 
henomenal differences between 


We will therefore return to this 
problem. 
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Discussion 


Метнорогосү. Since our results on the matter of eye elevation 
fail to substantiate previous findings, the difference in method 
employed becomes crucial. In addition to the points made earlier 
concerning our reasons for dissatisfaction with the method used by 
Boring and his associates, we would like to make a comment con- 
cerning our method. Assuming that viewing the sky through glass 
does not affect the results—an assumption that we think justified 
(to which we may now add the observation that in our dark-field 
experiment the observer does not see the apparatus and is looking 
directly at the artificial moon—we believe we have duplicated the 
conditions of the moon illusion in nature)—comparison of a moon 
in one region of the sky with a moon in another region. Our ob- 
servers merely have to compare one moon with the other, they do 
not have to compare either moon with anything else. The one re- 
maining difference between our experimental conditions and the 
conditions in daily life is that of immediate versus delayed compari- 
son. But this is a difference which we deliberately introduced in 
order to eliminate any dependence on memory; impressions of the 
moon illusion in daily life may be somewhat spurious because of 
the unknown role of memory. 

In support of our contention that we have duplicated the condi- 
tions found in nature, we performed an experiment in which three 
observers were asked to compare the real horizon moon (viewed 
over the ocean) with our artificial moon pointed at the zenith. The 
average illusion ratio obtained was 1.83, a value slightly inflated by 
the lack of a control for an error of the standard. Observations by 
these same subjects yielded no illusion ratio whatever when the 
artificial moon was pointed at the horizon but 40° to one side of 
the real moon. In the latter comparison the subjects selected an 
aperture identical to the one they had selected when the artificial 
moon was directly superimposed on the real moon. In other words, 
the aperture of our apparatus, known to subtend approximately the 
same visual angle as the real moon, yielded a phenomenal disk equal 
in size to the phenomenal moon when the two were seen at the same 
elevation. But when the aperture was viewed at the zenith it 
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appeared much too small. These checks demonstrate the phenom- 
enal equivalence of our artificial moon and the real moon. 

If our reasons for questioning the method used by Boring and 
his associates are valid, and if our method is indeed a duplication 
of the illusion as it exists in nature, two problems remain unsolved: 
how their observers were able to arrive at a satisfactory match, and 
why these matches revealed a moon illusion dependent on eye 
elevation. It is a fact worth noting that, for the most part, either 
Boring, his colleagues, or other persons familiar with the problem 
under investigation served as subjects. A more serious contradiction 
exists, however—one between our findings and those of Holway 
and Boring in experiments carried out with their direct-comparison 
(reflected mirror-image) method. The contradiction is serious þe- 
cause, as we have noted, the essential conditions of the moon illusion 
are successfully duplicated in this method. Boring and his colleagues 
obtained only a verbal estimate of the difference in size, and again 
it should be noted that the observers were familiar with the problem 
under investigation. The same is true for findings of Holway and 
Boring concerning an illusion of the sun seen through dense filters. 
Nor can we shed any light at this time on Schur's findings of an 
illusion based on differences in perceived direction inside darkened 
buildings (1925). As already noted, it would seem that our dark- 
field experiment is the ideal test for such an effect, yet the result we 


ап reported an experiment 
arkened theater made size compari- 
disks seen straight ahead. The disks 
d disk was underestimated by 19.1 
cent by children of 5 to 8 years of 
in this finding, in the light of our 


à е eriment, except to note that some 
stray light from the projector enabled the Observers to detect the 


1 ; à * and that the cues for distance 
in the horizontal direction were th 


us probably better than those 
in the vertical direction. There is nothing but iion space between 
observer and overhead disk. (The same point is relevant to Schur’s 


? Personal communication, 1961. 
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experiment.) Leibowitz and Hartman obtained similar results out- 
doors with a disk suspended outward from the roof of an 85-foot 
building. The latter finding could also be a function of the superior 
cues for distance along the ground or a function of the "framing" 
of the horizontal disk by the wood backing and by objects behind it. 

Tue Context Errect. It seems quite clear from the various 
experiments reported here that a visible terrain is essential for the 
appearance of the illusion. Have we demonstrated that the terrain 
produces the illusion because it increases the perceived or registered 
distance of the horizon moon? There were two findings in support 
of this conclusion: (1) when the horizon appeared farther away the 
illusion increased; and (2) the illusion decreased when the terrain 
pattern was inverted, presumably because the impression of depth 
decreased. Logically the only alternative to the distance hypothesis 
is the theory that the terrain pattern, as a two-dimensional structure 
or context, increases the apparent size of a disk seen adjacent to it as 
compared to the apparent size of a disk seen within a homogeneous 
surround. On the face of it this alternative is not a particularly 
plausible one, since the typical terrain lies entirely to one side of 
the moon—that is, it does not frame the moon except in the case of 
scenes containing tall buildings or the like. It is unlikely that, under 
these circumstances, such a context effect, even if it existed, could 
approach in magnitude the moon illusion obtained. In any event, 
we ruled out this possibility in experiments in which we sought to 
achieve an illusion indoors by means of slides of terrain patterns. 
On the whole, only a negligible illusion was obtained when a disk 
seen above the terrain on the screen was compared with a disk seen 
within a homogeneous surround. No illusion at all was obtained 
when a control slide was substituted which duplicated the terrain 
pattern in all structural essentials but which was deliberately 
drawn so as not to yield an impression of depth. If the moon illusion 
is a function of such a context effect, we can see no reason why it 
should not be easily created in the laboratory. On the other hand, 
if it is a function of apparent depth, one can readily see why it is 
difficult to create it in the laboratory. Hence, we may consider these 
negative results still a third piece of evidence in support of the 
distance interpretation of the role of the terrain. 

Tue Sur-DisraNcE INvamrawcE Hyporuesis. We turn now to 
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certain theoretical questions bearing on the apparent-distance A 
pothesis. As noted earlier, there has been considerable uni ien a 
in the last few years with explanations of size perception Es die 
the taking into account of distance—or with what is being calle € 
size-distance invariance hypothesis. We need not repeat our d is 
for questioning the basis for this dissatisfaction. In any yos 
not clear whether those who question the invariance hypot m 
wish to argue that phenomenal size is not at all a function of oii 
or merely that the precise nature of the function is not known. 
far as the moon illusion is concerned, our claim is not that iei 
increment in perceived or registered distance will necessarily ie 
Some proportional increment in the phenomenal size of the mo z 
but merely that, in a gross way, the horizon moon appears larg Rs 
because it appears much farther away, or that a very-distan 


: ye 
appearing horizon moon looks larger than a not-so-distant-appea 
ing horizon moon. 


Recently the so 
distances of the 


experimental evidence in 
Rock, 1962), but it might 


judged but distance as registere 
of certain stimuli. Woodworth 


state, "that convergence an 


appropriate distance are 
registered at a low level 5 approp: 


ual Sequence and serve as 


ing. We propose 


3R. S. Woodworth and Н. Schlosberg, Experimental Psychology (2d ed. 


New York: Holt, 1954), p. 477. 
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that changes in phenomenal size may be a better index of changes 
in registered distance than of reportable changes in perceived dis- 
tance. To support the invariance hypothesis one need only show 
that specifiable changes in registered distance (as indicated by 
convergence, accommodation, and so on) yield predictable changes 
in phenomenal size; not that changes in phenomenal or judged 
distance yield predictable changes in phenomenal size.* Nevertheless, 
in the case of the moon illusion, when judgment can be eliminated 
as a factor by removing the moon from view, observers then do 
report the horizon sky to be farther away. 

Srmutus ConnELATES or Distance. We have not tried to tackle 
the question of what the important stimulus correlates of distance 
are in the case of the moon illusion, except indirectly. The impor- 
tance of clouds, and of scenes which allow one to view the horizon 
at a very great distance, suggest that configurational properties of 
the stimulus are crucial, because physiological correlates cease to 
be important at great distances. By configurational we mean rela- 
tionships within the stimulus pattern, such as perspective, interposi- 
tion, and the like.5 The effect of inverting the scene supports this 
line of reasoning. In any case, we can rule out convergence and ac- 
commodation, because these adjustments are the same for horizon 
and zenith moons in daily life as well as in our experiments. One 
can easily eliminate other nonconfigurational correlates of distance 
perception, such as retinal disparity and movement parallax, by 
viewing the real moon with one eye and with the head stationary; 
an observer viewing it in this way still seems to obtain a sub- 
stantial illusion—at least we do. If this reasoning is correct, and if, 
as is plausible, the configurational correlates are a product of ex- 
perience, then the illusion itself would be indirectly dependent on 
experience. 


Tue Constancy FUNCTION. раге 
hypothesis oversimplifies the problem of the moon illusion. On the 


In one respect the apparent-distance 


3 re not taking the position that registered distance is the only factor 
дер size. One of us LR.) has sought to demonstrate the importance 
of an entirely different factor in size perception and size constancy. See I. Rock 
and S. Ebenholtz, Psychological Review, 1959, 66, 387. : 

5 The failure to obtain a substantial illusion with slides does not contradict 
this conclusion, because other distance correlates seem to operate in the direc- 
tion of revealing the slide’s two-dimensionality. 
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one hand the horizon moon can be said to take on the size b. 
region of the terrain of equivalent visual angle at the М a 
region, in turn, has a large phenomenal size because of [s e 
stancy function—the observers tendency to take distance шо 
count. (This way of stating the matter is similar but not t 
the popular explanation that the horizon moon looks large we 
we compare it with familiar objects seen adjacent to it on the € e 
For example, the image of the moon is larger than that of a "d 
on the horizon. Ergo, the moon is at least larger than a house. ШЕ 
fact is, however, that familiar objects need not be present, as in чи 
case of the moon seen over the ocean. But one can say He 
moon must be at least as large as an extent of water of equiva e 
visual angle at the horizon, and that that extent is seen to be qui 
large because of the constancy function. See Figure 4.) hé 
By contrast, the zenith moon cannot be related to any oth * 
regions of the field, and in that sense its distance is essentially i 
determinate. In fact, it is more or less a reduction object. Y м 
have shown that the horizon moon viewed through an apertur 
Appears to be the same size as the zenith moon. Although the 
distance of the zenith moon is indeterminate, relative to the horizon 
moon the zenith moon nevertheless seems to register as "nearer. 
If this way of putting the matter is correct, it suggests an er 
esting explanation of the error of the standard, discussed earlier. 
When the observer views the horizon moon as the standard he ар= 
variable with the immediate memory of a disk 


which, at least to so: as a thing with an objective 


size (if not a thing 
the zenith moon is > because his viewing of it is mor 
ОЁ a "pure visual B 5 


i м Е re general error of the standard, 
as was implied earlier, 
This leads to a second 


reason for stati: 
distance hypothesis is over. 


ng t а nt- 
simplified, As n Est the appare 


oted earlier the zenith 


FicunE 4, The effect of distance on size. The black rectangle on the horizon 
n the foreground, although they are identical in 
n viewing a truly three-dimensional 
ld enhance the impression of depth. 
d by viewing the picture with only one 
-dimensional surface of the page can be 


appears larger than the one ii < 
size. The effect would be much greater i 
scene, where binocular and other cues woul 
Conversely, the effect can be increase 
eye, because the impression of the two 
somewhat reduced. 

moon is at an indeterminate distance and is therefore of indeter- 
minate size. The horizon moon appears very far away, and objects 
at very great distances also are of somewhat indeterminate size. 


91f the size of the zenith moon is indeterminate and that of the horizon 
moon is quasi-determinate, one might argue that it should be as difficult to 
compare the two moons directly as it is to compare either with a nearby object 
(Boring's method). This is not the case, however, because the horizon moon, 
being so very distant, is not perceived as of a definite linear size and is per- 
ceived, therefore, as more or less commensurate with the zenith moon. 
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Ordinarily we say that distance is taken into account in a pin 
impression of linear size; thus, as stated in Emmert's law, a =< 
distance yields an impression of a particular larger size. In a 
case of the moon illusion we have to extend this reasoning to say tha 
distance influences size perception (in the sense that one moon 
looks larger than the other) despite the fact that neither = 
appears to be of any specifiable size. That is, in the case of the moo 

illusion it would seem that distance affects the relative-extensity 
experience, not a relative-linear-size experience. 

MiscELLANEous Conswerations. The moon illusion has aften 
been cited as an example of the anisotropy of visual space, in mur 
there is a nonequivalence of phenomenal space in different зве 
tions. In our opinion, not only is this term not clear but it peur 
poses something which may not be true. Anisotropy could re E 
to direction within two-dimensional space—could pertain to mr 
such as the phenomenal changes and recognition changes broug ^ 
about by disorientation of shapes (for example, a square becomes 
а diamond when tilted 45°, or text is difficult to read upside down). 
Or it could refer to three-dimensional space. In either case it 
remains to be proved that phenomenal changes such as those just 
mentioned, or the moon illusion (or the presumably related fact 


that size constancy is more marked in the horizontal than in the 
vertical direction), 


ure to achieve anything more than a minute 
effect in the dark-field experiments argues against any inherent 
anisotropy of three-dimensi 


onal space, 


he « *r the moon illusion is based on an ex- 
periential enlargement of the horizon moon or a shrinkage of the 
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seen within the inward-pointing arrowheads, or possibly to both? 
Here the isolated line is the base line, and the question can be 
investigated. In the case of the moon illusion, however, there is no 
"normal"-size moon, and the visual angle remains constant. From 
the standpoint of the tendency toward size constancy, however, 
one might say that the horizon moon approaches the veridical size 
of the moon more closely than the zenith moon does. Of course, the 
departure from constancy is extremely large in either case, but it is 
somewhat less for the horizon moon. Therefore, if the illusion is 
defined in terms of size constancy (or the objectively true size of the 
moon), one must conclude that it is based on the smaller appear- 
ance of the zenith moon resulting from the inadequate registration 
of distance, which was discussed earlier. 

As is evident from Table 1 of part 1 (Kaufman and Rock, 1962) 
and from the variability reported for many of the experiments, there 
are great differences in the illusion for different individuals; this was 
true in all experiments where an average illusion of any magnitude 
was found. Findings for individual observers were consistent in 
repetitions of the experiment (7 = .82 for the experiment on the 
effect of distance and cloud condition) and even from condition to 
condition (r = .83 for the experiment on the effect of eye elevation). 
How should we interpret such consistent individual differences? 
It is possible to argue that some observers respond more readily than 
others on the basis of visual angle uninfluenced, so to speak, by 
distance. Thus, in the literature on size constancy it has often been 
argued that there are "analytical" perceivers who show less than 
average tendency toward constancy (Thouless, 1932). Such persons 
presumably would not experience much of a moon illusion. Al- 
though this may indeed be the case, we are somewhat reluctant 
to accept the notion that the actual sensory experience of the moon's 
size differs for different individuals viewing the moon at the same 
time and in the same place. The alternative is the somewhat radical 
perceived size does not vary, the judgments 
nevertheless do vary because the comparison is a more difficult 
one to make than would be the case if two disks were simultaneously 

erceived on the same background at the same distance. Faced 
with the difficulty of making a precise match—where it is necessary 
for the observer to remember the size of the standard while he 


proposition that, while 
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inspects the variable series—each observer settles on a pae 
value and then, in order to be consistent, continues to select a va we 
close to his original choice. Of course, such variability centers ampe 
a value which reflects the illusion per se. It is possible that a nonp o 
ceptual process of this kind accounts for individual differences 
various perceptual tasks reported in the psychological literature. 


SUMMARY AND CONCLUSIONS 


We have examined the two types of explanations of — 
illusion—the egocentric, in which the differences in direction s 
the horizon and the zenith moons are thought of in relation | 
different angles of regard of the observer, and the s paie К, 
Which the presence or absence of the terrain is considered к 
The former type is exemplified chiefly by the eye-elevation hypoth й 
sis in the work of Boring and his colleagues; the latter, by the T 
parent-distance hypothesis based on the superior cues to distan à 
provided by the terrain, Boring had rejected the apparent-distanc® 
hypothesis on the grounds that the horizon moon is reported d 
nearer, not farther away, by most observers. He then performed ex 
periments which supported the eye-elevation hypothesis. , . 

Our own work Started with our reservations about Boring 5 gon 
clusions because of (1) logical considerations and contradictory 
data of our own concerning the question of which moon appears to 
be farther away; (2) the observation that in daily life E pap 
tion does not seem to account for the moon illusion; and (3) logica 
difficulties connected with Boring’s method of studying the phe- 
nomenal size of the moon. We developed an apparatus which made 
it possible for an observer to View an artificial moon in the sky 

Ze of this moon could then be varied. 
at the horizon and one at the 


Pparatus, The major conclu- 
follows, 
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2) Eye-elevation does not account for the moon illusion (nor, for 
that matter, does head elevation). 

3) A minute illusion (ratio 1.03) is obtained in a completely dark 
field for binocularly viewed moons at optical infinity. The reliability 
and possible significance of this slight effect warrant further study, 
but it is clear that whatever produces the effect cannot be con- 
sidered a factor of any importance in the ordinary moon illusion. 

4) Neither apparent color nor brightness can even partially 
account for the moon illusion. The frequently noted reddish color 
of the horizon moon, or its lower brightness as compared with the 
brightness of the zenith moon, or both, are apparently coincidental 
concomitants of the phenomenal size. 

5) The presence of the terrain is crucial for the existence of the 
illusion. The evidence is as follows: (a) The illusion disappears 
when the observer's view of the terrain is obstructed; (b) the illu- 
sion can be obtained when a reduction horizon moon (here analo- 
gous to a zenith moon) is compared with a normally viewed horizon 
moon; and (c) the illusion can be reversed with respect to the 
direction of regard by means of mirrors, so that the elevated moon 
seen directly above the terrain's "horizon" looks larger. 

6) The apparent (or better, the registered) distance along the 
terrain plays a causal role. The evidence is as follows: ( a) The 
illusion is considerably reduced when the terrain is optically in- 
verted; (b) the illusion can be shown to be a function of the ap- 
parent distance to the horizon and of the degree of cloudiness; and 
(c) only a minute illusion can be produced indoors by means of 
slides that yield an impression of a terrain, although the patterns of 
the slides are structurally similar to outdoor patterns which do yield 
an illusion. The only difference would seem to be that the slides do 
not convey à sufficient impression of depth. No illusion at all is 
produced by control slides which duplicate the structural features 


of terrain but which do not yield an impression of depth. 

7) There is some evidence that a secondary factor contributes 
to the moon illusion under certain special conditions—namely, a 
framing or relational effect when the horizon moon is seen between 
buildings or other large terrestrial objects. | 

8) Тһе illusion is greater when the horizon moon is the standard 
than when the zenith moon is the standard, a fact which may bean 
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instance of what has recently come to be known as the error of 
the standard. | T 
9) The apparent-distance hypothesis as an explanation o me 
moon illusion requires some elaboration, (a) Distance influences "i 
apparent size of the moon despite the fact that the moon € 
appear to be of any specifiable linear size (distance here a (b) 
the relative-extensity experience, not the linear-size experience). ж 
The zenith moon, while appearing less far away than the hori T 
moon, is to some extent a reduction object—its distance is essentia 7 
indeterminate, (c) The observer may not be consciously ae 
that he is responding to a greater subjectively registered eid 
viewing the horizon moon. In fact, when asked to compare : 
distances of the two moons, he may even judge the horizon mo! 


rictl 
to be the nearer. The latter judgment, however, depends strictly 
upon the relative sizes of the two moons. 
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Intercept Officer on the carrier and throughout the whole ordeal 
he stood watch in the nerve center of the ship—where all the “dope” 
from the radios and radars is pooled and weighed and acted upon. 
The nerves of the ship were frayed at their ends on that August day. 

By 1400 hours the patrol plane was overdue. At 1410 the pilot 
cut in with his radio requesting "homing." He couldn't find the 
carrier. The officer known as the FDO took over and told him to 
stand by while they got a radar ^fix" on him. The pilot had to ask 
а repeat on this "Static bad out here," he said. Later it cleared up 
a little and conversation went back and forth while the radar 
operator scanned his screen for the tell-tale "pip" of the patrol 
plane. But in three of its sectors the radar screen was cluttered with 
interference and the operator got tense as he twisted his knobs 
and strained his eyes for the tiny pip that would locate the plane. 
"Radar can't see you yet, thunderstorms around," called the FDO. 
"Thunderstorms north of here," answered the pilot, "static getting 
worse again." 

Time dragged on and all other business gradually stopped while 
everybody waited and watched. The room got quieter. At 1430 
the radar operator, with the help of some kibitzers who had 
gathered around to lend an eye, came up with a fix near the edge 
of a patch of clutter. The plane seemed to be emerging from the 
area of a thunderstorm—on the far side from the carrier. The FDO 
grabbed the microphone. *You are 30 miles from the ship. Steer 
357." 


"Say again," from the pilot. 
“You are south of the ship,” shouted the FDO a little desperately. 


"Static terrible, can just tell you are talking," came the answer. 
"Steer 357. I say again, steer 957” loudly and firmly pronounced 
the FDO. 


“Gasoline low,” called the pilot, "not hearing you any more. Are 


you hearing me?" 
They were hearing him, but not too well; static was all over the 


place. The FDO kept calling. In supreme frustration he talked 


every way he knew how; loudly, softly, imploringly, profanely. 
And he kept at it for a full half hour after the Status Board showed 
that no gasoline could possibly be left in the tanks of the patrol 


plane. 
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That evening at the wardroom mess the Executive Officer к 
heard to damn the business of trusting men's lives to radars a m 
can't see and to radios he can't hear. гей 

The "Exec" was both right and wrong. He was really direc ud. 
complaint at the human side of engineering, at the art of gea uu 
machines to the minds and muscles of men, in short, at the scie р 
known as psychophysics. He was asking that the gadgets of ko 
dominated by men, in the sense that man is the master RE. 
gasoline buggy—where his dominion is so sure that he even a con- 
woman to drive, But just as the automobile evolved from не: of 
trary contraption ill fitting its operator, so must the gerin dia 
battle grow from crudity to a harmonious integration wi Me 
soldier. It takes time. And in the kind of war just concluded, w. ihe 
feverish development heaped complication оп complication, 


ы i always tri- 
struggles of human engineering were valiant, if not alway: 
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people who design electromechanical marvels to be operated by a 
man with three arms and an ability to see around a corner in pitch 
darkness. What was needed, of course, was a knowledge of man's 
capacities, his powers of discrimination and the factors which affect 
them. The machine had to be built for Homo sapiens to operate. 
When it was he used it, and given a new leverage on the situation 
he promptly pushed his flights and his missiles and his electro- 
magnetic beams out farther until he was again at the ragged 
edge of his sensory endowments, where he was left chafing 
anew at the dumb insentience of knobs and dials and gears and 
coils, stolid and stubborn in their indifference to serving a human 
will. 
So psychophysics found itself at war, hesitant at first, bewildered 
by sudden practical demands, but confident that its hand should 
be in wherever the human senses set the problem. Broadly defined, 
psychophysics is the science of the senses in action. And since a 
soldier cannot even pull an effective trigger without an elaborate 
integration of sensory data from his eyes and muscles, the devotees 
of this science found themselves poking about in almost every 
corner of the military structure. Their tools are basically those of 
G. T. Fechner, physicist and philosopher, who in 1860 gave us a 
treatise on the facts and procedures of a new science of the “relation 
between mind and matter"—meaning the relation between sensation 
and the stimulus that causes it. 

The new science soon shed its founders preoccupation with 


metaphical issues and grew up to become an indispensable part of 
psychology and human engineering. The methods outlined by 
Fechner have been extended and put to use (sometimes unwittingly, 
perhaps) by physicists, radio engineers, airplane designers, train- 
ing officers, psychologists—in fact by all whose business it is to 
adapt machines to men and to get the best out of men by way of 
technical performance in an age of technological profusion. What- 
ever the task or the skill required, whatever the human sense 
employed, there are rules governing the actions and discriminations 
of men which make one way of doing things better than another. 
These are the rules of psychophysics. 

How the old rules were dug up and dusted off and new rules were 
discovered for solving new problems created by new devices is the 
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icit d is the 
human story of our machine-age war. Implicit in the = er 
brief that the nature of man still determines the shape OF MS ` ema 
and of his wars, and that the science of man and his capacitie 


к" : armony is 
run hand in hand with technology if simple effective harmony 
to ensue. 


EYES AND THE RADAR ScREEN 
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stole the scene at the final curtain, but nuclear fission did n 
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A ә М е іп a 
we are looking for. It is a search for one particular straw 
haymow. 
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the operators became the factor of limitation. "Pipology" became 
psychophysics. 

But even without this enthusiasm to make a good instrument do 
a better job, there was still the enemy to contend with. If nature did 
not grow grass on the scopes the enemy sometimes did. He had ways 
of jamming radar by sending out interference which made it look 
as though the world were a solid mass of targets. And in the face 
of this interference the operator had to use every available cue, no 
matter how ephemeral, to aid his sensory judgment in the correct 


identification of the meaningful pips. 


PSYCHOPHYSICS IN RADAR ENGINEERING 


Real progress in the task of squeezing these last precious incre- 
ments in efficiency from the radar equipment and from the operators 
came through the application of psychophysical procedures. It was 
found that a man's ability to “read” a scope under adverse circum- 
stances is governed by a host of factors. His skill depends upon the 
size of the screen, the length of the pip, the rate at which the radar 
pulses succeed one another, the color of the image on the screen, the 
brightness of the light in the radar room, etc. Each factor can be 
isolated in the laboratory, and by controlled psychophysical tests 
the optical viewing conditions can be discovered. It was even pos- 
sible to work out standards to be met by the manufacturers of radar 
screens which would ensure a product engineered to the require- 
ments of the human eye. 

With other types of radars using other tricks, such as the PPI- 
scope which paints for the operator a complete map of the territory 
about him, the problem is not really different-only varied in its 
complications. When a PPI presentation is at its best it is nothing 
short of miraculous. From high in the air, through a matted carpet 
of thick clouds, the City of New York may show up in such detail 
that one can see at which of the piers along the river ships are 
berthed and whether or not the traffic is heavy in Central Park. 
Mostly, however, the PPI presentation is a fuzzy pattern of cloud- 
like formations with isolated wisps which the adroit "pipologist" 
may interpret as airplanes, ships, islands or cities, depending on very 
subtle cues indeed. If there is consistent evidence that the wisp has 
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moved it is probably a plane. If the brightness of the pip grows 
and fades in a certain systematic fashion it may be deduced that the 
plane is flying at a particular altitude. From such tenuous cues as 
the height and width of a menacing pip the FDO on an aircraft 
carrier might judge the strength of the enemy flight and decide 
upon the number of fighters required to block the attack. Mistakes 
mean lives. 

Here again the problem of human abilities is obviously para- 
mount, and a long list of factors has been shown to color the work- 
manship of the operators. Sometimes improvement in radar has 
come from deliberate and sometimes from casual psychophysical 
studies. Sometimes it has been trial and error exclusively, sometimes 
engineering shrewdness, sometimes luck—both good and bad. And 
there have ben some dramatic failures. 

Still under official wraps is the story of a device intended to 
transpose the picture on the PPI directly to a large circular map-like 
surface on which the operator could draw lines, make measurements 
and keep records of movements. The idea was brimming with prom- 
ise, the engineering was superb, models were completed and sent 
to the fleet. Soon the reports of the commanders began seeping back 
to Washington. Verdict: washout. 

The plain fact of the matter now seems to be that this handsome 
gadget succeeded in all respects save that of satisfying the demands 
imposed by the way in which nature created man. The picture was 
there, but men could see it only partly and uncertainly. The simple 
factors of visual contrast, size, illumination and arrangement— 
factors which make or break the power of sensory discriminations— 
did not combine to give the operator the advantage that had been 
so confidently expected. So back to the laboratory again, this time 
for some psychophysics. An analysis of the performance of a group 
of trained operators soon showed up the more obvious reasons for 
the dissatisfaction of the task forces, and а program of correction 
and redesign was instituted. The end 9f this particular story is still 
in the offing. 

The business of jamming radars by sending out interference to 
clutter up the enemy’s radar screens was an art at which we excelled 
the Germans and the Japs. We had to be better at it, because we 
were taking the fight to the enemy by flying straight above his home 
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grounds. He used his radars to aim his antiaircraft guns, and when 
left unmolested his accuracy was far too great for our comfort. We 
had two main tricks in our bag: we could scatter tinfoil about the 
sky to make it seem to the enemy operators that the air was full 
of targets and cause him to shoot at the plane that wasn't there, or 
we could broadcast random, “noisy” radar beams from our own 
transmitters which would blanket his scopes with grass and pips, 
and leave him no room to see through to the real target. Both 
methods had their psychological aspects, but it was especially the 
procedure of jamming by radiated interference that was brought to 
full effectiveness by a team of psychologists and engineers working 
together on the problem of what the eyes can see. A large new 
laboratory and millions of dollars were devoted to fouling the eyes 
of the enemy, and the ultimate specification of the best means for 
throwing interference at him stemmed in large measure from the 
psychophysical tests. Preconceptions of radio engineers were altered, 
development projects were stopped or changed or started, tactical 
doctrine was rewritten, all because of what a few human guinea pigs 
could or could not perceive when different kinds of radio signals 
were beamed at the radars they were trying to operate. 


INSIGNIA FOR EYES TO SEE 


Not infrequently some of the most important contributions of 
pschophysics are so simple and are brought forth so casually that 
the whole procedure seems to be merely the application of a little 
common sense. When the Japs came winging in over Pearl Harbor 
our airplanes bore as their identifying markings the proud insignia 
of a blue circle enclosing a white star. This circular pattern is a 
pretty thing when viewed from a middle distance, but seen from far 
off it degenerates, unhappily, into a simple round spot devoid of 
distinctiveness. The Japs also wore spots on their wings. The color 
was different, to be sure, but to an excited gunner a spot is a spot, 
or rather a speck is a speck, and it is reported (with unknown 
reliability) that some gunners held their fire from the enemy, and 
some let go at their friends. In the European theatre the British 
were using circles too. The Germans had designed themselves a 
fairly legible cross, so that the problem for the British was not too 
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acute, except that the likeness of the British and American insignia 
made confusion. Something had to be done, for our own bullets 
piercing the bodies of our friends was too terrible a price for the 
failure of a sensory discrimination. А device different from a circle 
and unlike a German cross was called for. 

A variety of posisble designs were prepared on placards and these 
were shown to groups of people under various conditions and at 
assorted distances in order to discover which emblem was optimally 
distinctive and identifiable. Choice lay with the now familiar circle, 


star and bar. This approach to the problem was common sense at 
its scientific best. 


FicHTING IN THE DARK 


The few to whom so many owed so much in 1940 had a very 
special problem of their own. It was a problem as old as the art of 
warfare, but in the second phase of the Battle of Britain it was given 
new urgency by the fact that men were zooming through the skies 
in the dark of night, where the eyes of a cat would have been some- 
thing less than adequate. The GI in a jungle foxhole needs night 
vision to spot the slinking foe, the sailor on lookout duty needs it 
even more perhaps, for on the power of his eyes to pierce the dark- 
ness may rest the safety of the ship. But with the night fighter in 
a speeding plane, hunting the sky for the enemy bomber, a low 
visual threshold is absolutely imperative. The problem was so serious 
that numerous research groups both here and abroad were recruited 
to the cause of finding solutions. 

These solutions lay in several directions, some built on new knowl- 
edge, some involving better use of old wisdom. The ancient and 
obvious fact that some men see better in the dark th 
led directly to the development of new and more reli 
for sorting aviators in order to put a finger on the да 
of partial night blindness. The newer discoveries 
affecting night vision, 
to bear as an adjun 
some of the psychop 


an do others 
able methods 
ngerous cases 


of the factors 
such as its relation to vitamin A, were brought 


ct to training programs. So exhaustive were 
| hysical studies that even such a minor matter as 
the shine on the pilos nose was shown to be measurable in its 


influence on his ability to pick out a darkened target. Equally care- 
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ful studies of the temporal course of dark adaptation (the speed 
with which our night vision improves as we remain in the dark) 
brought changes in the routine of briefing and take-off, and in the 
kinds of lighting used in the cockpit. 

It takes about half an hour for the eyes to become completely 
accustomed to very dim illumination. That is why we fumble our 
way along theater aisles when we first enter from the bright out- 
doors but find it quite easy to negotiate the return trip. For the 
pilot sweating out his call to the ready-room it is clumsy and dis- 
tressing to preserve his dark adaptation by avoiding all lighted 
places. Nevertheless, if he is not maximally prepared for seeing in 
the dark his mission might as well end while he is still safely on the 
bench. Most of the frustration of slowly adapting eyes was finally 
circumvented by what is perhaps the smartest invention in this 
area of psychophysics. It is simplicity itself. АП the pilot has to do is 
wear special red goggles during the half hour before take-off, Then, 
when he lifts the goggles he is almost 100-percent dark adapted 
and ready to fly by the light of the stars. This simple dodge is 
possible because different elements in the retina of the eye are sen- 
sitive to different kinds of light, so that we can use the “cones” at 
the center of the retina to see in red light while the red-blind “rods” 
surrounding the cones are protected from the colors which stimu- 
late them. Since their kind of light does not get past the red goggles 
the rods can ignore what the cones are doing and proceed to get 
themselves ready to respond to feeble illuminants. Actually it is the 
rods that are most sensitive to faint light, and they h 
greatest sensitivity to blues and greens. 

The red goggles do not solve all the pilot's problems, however. 
Unfortunately, the sensitive rods are not located in the center of 
the retina (the fovea) on which the image falls when we look 
straight at a small object. They cover the region all around the 
fovea, and they are stimulated by the objects we see out of the 
corner of the eye. Naturally, therefore, when the night fighter looks 
directly at a distant plane so that its image falls on the center of his 
retina he is unable to see it. If he looks away the plane reappears 
only to attract his attention and vanish again when he looks at it 
This hide-and-seek can be stopped by drumming into the pilot 
through training and practice, a skill at paying attention to things 


ave their 
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in the outskirts of the visual field and suppressing the natural 
tendency to watch only what happens at the center. It is amazing 
how skillfully a man can learn to aim a gun without ever looking 
directly at the target. 


MUSCLES AND SKILLS 


Sometimes an obvious improvement is no improvement at all. The 
stresses on a modern warrior are multiple and complex, but so are 
the requirements of his job. Often he must suffer vexation of one 
sort for advantages of another. He must compromise. 

Early in the war when certain psychophysical laboratories were 
probing the causes of pilot fatigue in an effort to discover the reason 
for frequent crack-ups in landing, attention centered itself on the 
problem of vibration. It was reasoned that a man subjected to an 
unnatural jiggling for hours on end might well be the worse for it. 
Direct proof of the evils of vibration was not at hand, but since any 
good guess was a good gamble, a project was launched to produce 
a vibrationless seat. Modes of vibration in aircraft were studied, 
compliances were analyzed, and Suspensions were tested. Finally, a 
seat was produced which floated in rubber so completely that little 
of the normal agitation of the plane could be passed on to the 
pilot’s anatomy. It was dispatched to the Navy for test, and several 
pilots gave it a try. They were full of compliments for the scientists 
who had so cleverly subdued the vibration, but they did not like the 
seat. Not that it wasn’t more comfortable, but it gave them an eerie 
sensation of being somewhat remote from the plane. They wanted 
to fly by the seat of their pants and feel the plane, with all its 


Strainings and motions, solidly beneath them, They would rather be 
shaken than float. 


The sensations from our muscles belong to what is known as the 
kinaesthetic sense, It is the sense which tell us in what position we 
have left our hands and feet without our having to look at them to 
see. All problems involving normal skills and coordination are 
founded on kinaesthesis, and when the airplane pilot pulls on his 
controls and the gunner cranks in his gun-laying data they operate 
on the basis of this sense. For most military skills there is a right 
and wrong arrangement of the levers and handles that are given the 
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soldier to manage. The stick and rudder bar of a plane can be too 
stiff or too easy to move in relation to their effect on the behavior 
of the plane. If the controls are too sensitive the ship is said to be 
"hot" and it is sometimes a serious matter for the cadet to learn to 
tone down his muscular adjustments as he graduates from trainers 
to highspeed fighter planes. If the stick is made too stiff and the 
response of the plane too sluggish in relation to the pilot's muscle 
sense, he is apt to come off second best in his next dog fight. Like- 
wise, in tracking a moving target by turning the cranks which aim 
and point the muzzle, a gunner finds that there is an optimal size 
of wheel, stiffness of rotation, and speed of cranking for greatest 
accuracy. 

This topic of muscular skills and the rules of the game they play 
is far too little understood by the engineers, and by the psycho- 
physicists themselves, Interesting research has been carried out 
during the war and more is promised for the future. But the prob- 
lem is complicated, just as the human being is complicated, and if 
machines are to be the servants of men there can be no letup in this 
human side of engineering. 


Passinc THE Worp 


It has been said that this recent world conflict was a war of com- 
munications. So were most other wars. Drama packs the history of 
messages received in the nick of time, of messages delayed or lost or 
intercepted, but for the real story of communication in World War 
II we must look to the everyday business of “passing the word,” In 
those massive operations calling for the coordination of ships and 
planes and tanks and guns and all their multiplicity of gimmicks and 
gismoes, everything moves on the split second, and the nerves which 
flex the muscles of the warring giants are telephone lines and radio 
beams—with men at both ends of the circuit. Wig-wag, searchlight 
blinkers and telegraphy still have their uses, but they are slow. The 
pace calls for speech—snappy messages, curtly spoken and immedi- 
ately understood. The waist gunner with a new "bandit" looming 
in his gun-sight has no time to code his message to the rest of the 
crew in dots and dashes. "Tally-ho, three o'clock," fills his quota of 
seconds. Then it is chatter, chatter, bang, and the tail-gunner takes 


156 The Selected Readings 


the bandit over as he sails away in the direction of "seven o'clock" 
Even speech was often too slow when the kamikaze came boring in 
and the radar lookout had to relay his data on the "contact 
through the ship's information center to the gun directors. On too 
many of our ships the tearing boom of a suicide strike preceded 
the bark of the gun that should have dropped the attacker into 
the sea. 

As in many other quests for better harmony between the operators 
and their gadgets, the methods of psychophysics were turned to 
account in two different ways: men were trained in the best use of 
existing equipment, and new devices were developed. Nursed by 
the urgency of these problems, there grew up and flourished a 
special area psychophysics, called psycho-acoustics, complete with 
laboratories and field stations. The claim can be made that the net 
improvement in certain vital communications added up to any- 
where from 50 to several hundred percent. 

The communication system that is accepted as the ideal or stand- 
ard system is also the simplest: it is merely the air itself, Two 
people a yard apart in a quiet room and talking to each other in 
conversational tones find themselves on either end of the world's 
best communication link. It is nature's own device. We dignify it by 
the impressive title, orthotelephonic circuit, and we set its perform- 
ance up as something for all other systems to shoot at. The listener 
on nature's circuit hears practically 100 percent of all clearly spoken 
words, and this percentage is called the articulation score of the 
System. The articulation scores for other Systems usually range 


below 100 per cent, especially under the stresses and strains of 
combat conditions. 


When the talker is wearing an oxygen mask and gasping for 
breath at 30,000 feet, and the listener is curled up half frozen in a 
belly turret with the noise of the propellers pounding in his ears, 
it is remarkable that any Inessages get across. To a tired and nerv- 
ous crew a pilot once yelled, *Hand me a bottle, my oxygen line is 
leaking." The waist gunners bailed out convinced that the skipper 
had ordered, "Cutting the throttle, clear out for a crash landing." 
It was easy to improve upon the gear we were using in 1941 be- 
cause it was already obsolescent. The lethargy of pe 


ace in the pause 
between the wars! The earphones that our aviato: 


rS first took into 
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combat were of the vintage 1923. The earphone cushions allowed 
the noise of the plane to leak through and interfere with what the 
listener was trying to hear. No microphone suitable for use in an 
oxygen mask was even in existence, and the pinch-hitting throat 
microphone was, and is, a hopeless device intended to pluck speech 
off the Adam's apple where only a wubbly, hot-potato kind of sound 
is produced. All in all, our interphone systems were caught with 
their vowels down, while at the same time engineers were bringing 
up new airplanes, bigger, faster, more powerful—and noisier. Say 
again was a very common phrase in those days. 

Some planes and tanks and landing vehicles are so noisy that a 
man can scarcely understand a person shouting directly in his ear. 
The noise crowds up tight against the ceiling of the ear's ability to 
respond leaving no room for speech sounds, no matter how ampli- 
fied, to squeeze in. Here the problem is twofold: to seal the ear 
against the noise by a well-designed cushion around the earphone 
and to shield the microphone so that it does not pick up the noise 
and pass it on to the listener. The neatest trick in this line was the 
development of a "noise-canceling" microphone, so designed that 
the noise gets at the diaphragm from two directions and cancels 
itself out. Hanging just in front of the lips, it takes in the speech 
sounds from only one direction, without canceling. 

If with these devices the ear is still overloaded by noise the psy- 
chophysicist is ready with another recommendation: put plugs in 
the ears. Strangely enough, speech is better heard in a noisy place if 
the ears are tightly plugged, preferably with the scientific little 
neoprene stoppers engineered for the Army and Navy, but if not, 
then with cotton or even with the fingers. Try it sometime. 

The voice also comes in for its troubles. Ask the man who has 
tried to sound clear and precise from inside a gas mask, or an oxy- 
gen mask, or a diving suit. The back pressure on the voice seems to 
take the starch out of the vowels and consonants, leaving them limp 
and mushy. In addition there is the effect of altitude itself. When 
we fill our lungs at 35,000 feet we take in only one fourth the 
number of molecules inhaled at sea level, and only one fourth the 
normal mass of air is available to drive the vocal cords. So the avi- 
ator huffs and puffs, and blows practically nothing at all. He speaks 
in short gasps and sounds like a man at the end of a marathon. The 
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quality of the voice also changes in complicated ways, and as yet 
no scientific cunning has succeeded in making sub-stratosphere 
speech sound entirely natural. 


PACKAGING SPEECH 


Other triumphs have rewarded the researcher, however. 

The scientist is particularly pleased with himself when he con- 
trives to improve upon nature. If in the process he is able to fly into 
the face of accepted dogma and turn up with a wrinkle which 
proves that what was “obvious” is really wrong he rubs his hands 
and tingles with the thrill of discovery. At the start of the war 
the dogma inhibiting progress in radio transmission was the obvious 
notion that any distortion in the sounds of speech is bad, that 
speech after nature’s pattern is most intelligible to the ear. This 
notion is sound enough in the normal ins 
sion system is not beset on the one hand b 
on the other by the military urgency to make the radio serve its 
function over the longest possible span. But for projecting the voice 
over the greatest distance with the least radio power, normal, 
natural, undistorted speech is less effective than speech that has 
been chopped down and distorted and squeezed into an efficient 


package. 
Psycho-acoustic studies on the 
disclosed that the rule for р 


the large speech waves and amplify the small ones. The 1 
are the vowel sounds, and they are e 


tance where the transmis- 
y limitations of power, and 


process of clipping 
ards of performance to mili- 


ear message will happily 
and liquid tones in order to 
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understand correctly. Forty percent distortion from clipping is not 
sweet to the ear, but with amounts as great as this it has been pos- 
sible to stretch the usable length of the radio beam to double its 
normal range. 

АП this was the result of tailoring speech and radio procedures to 
the requirements of the human ear. Out of four years of such testing, 
studying, designing, and retesting, during which more than two 
million test words were spoken to crews of listeners over radio and 
telephone systems under all varieties of storm and stress, there has 
come a total revision of the basic components of aircraft inter- 
phones. We fought the last battles of the war with new earphones, 
new microphones, new helmets, new amplifiers, new oxygen masks, 
all of them engineered in the light of the all-important human 
factor. 


Tur FUTURE 


As with the aircraft interphone, so with almost every other fight- 
ing tool. Throughout the entire war, in each campaign and skirmish, 
on every ship and plane, in all the earth-bound foxholes and at 
every GHQ men strained at their machines. Wherever men stared 
searching into the darkness or taxed their eyes at a radar screen, 
wherever they held their breath to hear the tell-tale echo from the 
enemy under the sea or twisted their knobs and dials to launch 
destruction at the foe, the psychophysicist went along in spirit, 
fretting about the eyes and ears and muscles of the men and 
scheming to devise a greater harmony between the soldier and his 
tools. The laboratories were hives of workers beating their brains 
for new ideas. The factories purred with the whir of creation and 
gorged the arsenal with new implements of war. In the final drive 
to victory there were few important weapons used that bore exact 
resemblance to the gear employed when we first were jarred from 
slumber by the rudeness of aggression. 

It is a proud story, perhaps, but something of a scandal too. It 
depends on how you want to look at it. However it is judged, we 
are left at this moment face up against decision. Are we now going 
to send the psychophysicists and all their scientific colleagues back 
to their universities and their peace-time desks and leave our 
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armed forces to enter the next war with the droppings of the last 
one? Then are we going to rush the scientists back to the frantic 
task of designing new gadgets and fitting them to human capa- 
bilities when the enemy is already upon is? Or are we going to 
keep science and human engineering alive with encouragement and 
support, holding one eye on the aspiration to make life more livable 


while we inhabit our spot of earth, and the other on the business of 
ensuring that no one takes it from us? 


[8] 


Relations Between the Central Nervous System and 
the Peripheral Organs 


E. VON HOLST 


The relation of the Central Nervous S 
eral senses and muscular movement is 
problem. Here we are at the heart of t 
and in comparison to that which is not 


edge is very meagre and vague! Under these circumstances, our 


knowled ent upon the method which 
happens to be popular at the moment. In this field, the method 


which has played the Ereatest role consists of, first, artificially in- 


ugh peripheral stimulation, evok- 
basis, the CNS is often held to be 


ystem (CNS) to the periph- 
an old and much discussed 
he physiology of behaviour, 
known, our present knowl- 


ng by afferent impulses; the con- 
ception of chain-reflex co-ordination has been recognised almost 
everywhere as being incorrect. Isolated, that is de-afferented, parts 
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of the nervous system show continued electrical activity. One can 
therefore say that, as a rule, de-afferented ganglion cells, under 
otherwise normal conditions, possess “automaticity.” 

These facts allow us to regard the function of the peripheral 
senses from a new viewpoint. The classical reflex-concept assumes 
that the peripheral stimulus initiates the central nervous activity. 
Since we now know that this supposed cause is often unnecessary, 
it is possible to start from the CNS. We can ask the question, what 
effect is produced on the sensory-receptors by the motor impulses 
Which initiate a muscular movement? Thus, we look from the oppo- 
Site direction, not from the outside inward, but from the centre to 
periphery, You will quickly see that in this manner we shall come 
upon new problems and experimentally verifiable hypotheses. 

In order to make myself clear, I should like first to explain a few 
terms. The whole of the impulses which are produced by whatever 
stimuli in whatever receptors I shall term afference, and in contra- 
distinction to this I shall call the whole of the motor impulses 
efference. Efference can only be present when ganglion cells are 
active; afference, on the contrary, can have two quite different 
Sources: first, stimuli produced by muscular activity, which I 
shall call re-afference; second, stimuli produced by external factors, 
which I shall call ex-afference. Re-afference is the necessary afferent 
reflexion caused by every motor impulse; ex-afference is independ- 
ent of motor impulses. 

Here are some examples: when I turn my eyes, the image present 
on the retina moves over the retina. The stimuli so produced in 
the optic nerve constitute a re-afference, for this is the necessary 
result of my eye movement. If I shake my head, a re-afference neces- 
sarily is produced by the labyrinth. If, on the other hand, I stand 
on a railway platform looking straight at a train when it starts to 
move, the moving image on the retina of my unmoving eye pro- 
duces an ex-afference; likewise, when I lie in a tossing ship, the 
impulses of my labyrinth will constitute an ex-afference. If I shake 
the branch of a tree, various receptors of my skin and joints pro- 
duce a re-afference, but if I place my hand on a branch shaken by 
the wind, the stimuli of the same receptors produce an ex-afference. 
We can see that this distinction has nothing to do with the 
difference between the so called proprio- and extero-receptors. The 
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same receptor can serve both the re- and the ex-afference. The ice 
must, however, possess the ability to distinguish one from the о : 
This distinction is indispensable for every organism, since it mis 
correctly perceive its environment at rest and in movement, eh 
stimuli resulting from its own movements must not be interpretec : 
movements of the environment. I want to describe experimen _ 
which show how the CNS distinguishes between ex-afference an 
re-afference. u 
When one rotates a striped cylinder around a quietly sitting 
insect, for instance the fly Eristalis, the animal turns itself in Hie 
same sense (Figure la). This is a well-known optomotor-"reflex. 


Ficure l. Insect (Erist 


alis) in striped cylinder (SW), L, R — left, right 
eyes; a — head in normal, b 


— in turned position, 


Аз soon as the anim 


al moves itself, for instance, "spontaneously" (or 
stimulated by a sm 


ell), one observes that it turns itself unhindered 
by the stripes of the stationary cylinder. We must ask ourselves why 
the animal at every turn is not turned back by his optomotor-"re- 
flex," since the movement of the image on the retina is the same as 
in the first case, when the Cylinder moved and the animal was sta- 
tionary. A possible answer according to the reflex-theory is that in 
is inhibited or *blocked." But we 
rrect..It is possible, as has been 
edt, to turn the head of the insect 
(Figure 1b А-А); then the head is 
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turning itself to the left, as is to be expected from the reversed po- 
sition of the eyes. If it is indeed the case that in spontaneous (or 
otherwise caused) locomotion the optomotor-reflex is “blocked,” 
the animal should move unhindered in the stationary cylinder. But 
the opposite is the case; once the insect begins to move, it spins 
rapidly to right or left in small circles until it is exhausted. We have 
observed the same behaviour with fishes, whose eyes have been 
turned 180° about the optic axis. But we have found this behaviour 
only in patterned optical surroundings; in optically homogeneous 
surroundings the animal moves normally. This indicates that the 
optomotor-"reflex" is not “blocked” in locomotion, but on the 
contrary, the associated re-afference plays an important role, Ex- 
actly what that role is will be made clearer by the next example. 

If a vertebrate is turned over on its side by external forces, the 
well-known righting “reflexes” are initiated by the ex-afference of 
the labyrinth. But, just as in my first example, every animal is able 
to take up any position without righting reflexes being produced by 
the re-afference of the labyrinth. Again, it has been believed that 
the reflexes were “blocked” during position changing; and, again, 
we can show that this is not the case. 

The righting reflexes, as is well-known, are released by the stato- 
liths in the labyrinths, which, when the head is tilted, produce a 
shearing force on the underlying sensory organ, as we have found 
in fishes. One can increase this mechanical force which the stato- 
liths exert on the sense organs, through the addition of a constant 
centrifugal force. We have built for this purpose a small revolving 
laboratory, capable of more than doubling the gravitational force. 
In this manner the statolith is made heavier, and the corresponding 
shearing stimuli produced by every tilting of the head are quanti- 
tatively increased. If one records the tilting of free swimming fish 


under these conditions, one finds that the degree of tilting becomes 
proportionally less, the heavier the statoliths are made. (For the 
method of measurement see v. Holst and Mittelstaedt, 1950.) If the 


statoliths are removed, then the behaviour of the fish is the same 
under normal and centrifugal conditions. We see, therefore, that the 
re-afference of the labyrinth is not “blocked,” but has a quantitative 
effect upon the degree of tilting, and, indeed, the greater the re- 
afference, the smaller the degree of the movement. One can say 
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that the CNS "measures" the degree of movement by the magnitude 
of the re-afference thereby released. 

Thus we have learned two facts: if the form of the re-afference 
is reversed, as in the first example, then the initiated movement is 
increased progressively. Secondly, if the re-afference keeps its 
normal form but is increased, as in the second example, the initiated 
movement is correspondingly decreased. These facts allow us to 
formulate a hypothesis about the mechanism here involved. We 
shall propose that the efference leaves an "image" of itself some- 
where in the CNS, to which the re-afference of this movement com- 
pares as the negative of a photograph compares to its print; so that, 
when superimposed, the image disappears. Figure 2 illustrates this 


Ficure 2. Illustration of the re- 


afference principle; see explanation in text. 


auses a specific activation in 
» Which is the stimulus-situation 
Figure 2c) to the effector EF 
whole organism). This central 
е efference, may be called "effer- 
ated by the efference, produces a 
the lower centre, nullifying the 
Figure 2d-f). Because of the com- 
о components we can arbitrarily 
tt of this process as plus (+, dark 
tt as minus (—, white coloured). 
the re-afference exactly compensate 
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one another, nothing further happens. When, however, the afference 
is too small or lacking, then a + difference will remain or when the 
re-afference is too great, a — difference will remain. This difference 
will have definite effects, according to the particular organisation of 
the system. The difference can either influence the movement itself, 
or for instance, ascend to a higher centre and produce a perception. 

Let us first consider the simple situation of Figure 2. The initiated 
movement will continue, until the re-afference exactly nullifies the 
efference copy. Then we must predict the following: first, if through 
external influence the re-afference is increased, then the initiated 
movement will end prematurely. We have already seen that this is 
the case in the fish labyrinth experiment with the centrifuge. 
Secondly (Figure 3a), if the re-afference is inverted, that is changed 


Ficure 3. Illustration of the experiment with the eyes in turned position 
(Figure 1); see explanation in text. 


from — to +, there will be nullification, but summation ( Figure 
3b) and the movement will progressively increase, as we have 
already seen in the experiment with the inverted eyes. Thirdly 
(Figure 4), in the case where the re-afference is lacking (for in- 
stance, due to the destruction of the afferent pathways) the initiated 
movement will not be increased, as in the second case, but will 
continue until something else limits it. This behaviour occurs widely 
and can be seen particularly well in fish without labyrinths in opti- 
cally homogeneous surroundings. Every turning or tilt leads to 
circling or somersaulting. Also, in the human disease Tabes dor- 


* This is the so called “positive feed-back.” 
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salis, where the dorsal roots are destroyed, the well-known с 
gerated, ataxic movements of the limbs indicate that the ш 
mechanism is involved. Therefore, contrary to the chain-re Pe 
theory, the stimulus, originating with every movement, es ed 
re-afference, produces not an augmenting, excitatory, but a lim | E 
effect on the movement. Only those forms of locomotion, suc is 
the swimming of fish, which do not require a constant ы ae 
to the surrounding medium, proceed just as before after dea po 3 
tation. These movements are automatically co-ordinated in the С 

and therefore require no limiting re-afference (v. Holst, Lissmann). 


Ficure 4. Illustration 


of the experiment with interrupted afference; see 
explanation in text. 


With this simple scheme we 
of previously unexplained types o 
part of this theory is the postula 
the CNS, produced by the “co 
afference. I am going to prese: 
this phenomenon, For this pur 
in which the difference betwee 
is transmitted to a higher ce 


first example is concerned wi 
movement. 


A re-afference from the actively moving eye can have two 
sources: firstly, movement of the image across the retina and 
secondly, impulses from the Sensory cells of the eye muscles. The 
former results in а conscious perception; the latter is of no impor- 
tance for the following consideration. Consider my eye mechanically 


are able to understand a number 
f behaviour. The most hypothetical 
ted efference copy: this “image” in 
mmand” and matched by the re- 
nt direct proof of the existence of 
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fixed and the muscle receptors narcotised (Figure 5a). When I 
want to turn my eye to the right, an efference E and, according 
to the theory, an efference-copy EC is produced, but the immovable 
eye does not produce any re-afference. The efference-copy will not 
be nullified, but transmitted to higher centers and could produce 
a perception. tl is possible to predict the exact form of this 
perception (v. Holst and Mittelstaedt, 1950). The perception 
if I want to turn my eye to the right, must be that "the sur- 


"Object 
jumps to 
left? 


E NEP 
Eye ye 
unmovable turned К Uu 
mechanically |! 
Object seen x 
a b c 


Ficure 5. Illustration of the experiments with human eye; explanation in 
text (for the letters compare the text of Figure 2). 


roundings have jumped to the right.” This is indeed the case! 
It has been known for many years from people with paralysed eye 
muscles and it has been established exactly from the experiments 
of Kornmuller on himself that every intended but unfulfilled eye 
movement results in the perception of a quantitative movement of 
the surroundings in the same direction. Since here nothing happens 
on the afferent pathways, this false perception can only result from 
the activity, originated by the intention of the eye movement, 
being returned to higher centres. This is another way of saying 
that the unmatched efference-copy causes the perception. 

Now, we make a simple experiment and turn the paralysed eye 
mechanically to the right (Figure 5b). In this case both the motor 
intention and also the еегепсе-сору are lacking, but the image 
moves across the retina and afference A is transmitted, unmatched 
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by an efference-copy, to higher centres and produces, as is known, 
the perception that "the surroundings move to the left. This is 
also a false perception. If now we combine the first case with the 
second, that is, if my eye is moved mechanically at the same time 
I intend this movement—which is the same as voluntarily moving 
a normal eye—then in fact these two complementary effects just 
mentioned are produced: firstly, the perception of the returning 
"command" causing a jump of the surroundings to the right and, 
secondly, an image-motion on the retina producing a jump of the 
surroundings in the opposite direction. These two phenomena, the 
efference-copy and the re-afference, now compensate each other 
(Figure 5c); and as a result no moving of the surroundings is per- 
ceived, The surroundings appear stationary during this normal eye 
movement, and this perception is physically correct. As we have 
already seen, the correct perception results from two opposite and 
false perceptions which cancel each other. Thus, we understand a 
phenomenon with which Psychology has been concerned for many 
years, that is, the perception of the surroundings as nearly station- 
ary during eye movements (“Raumkonstanz” ), 

Now we come to the second example, visual accommodation. 
The eye is focussed for distant vision when at rest, since the elastic 
lens is flattened by its zonal fibres, For near-accommodation a cir- 
cular muscle, working against these fibres, allows the lens to round 
up. We should also like to apply our theory to this system. If the 
accommodation apparatus is narcotised (for instance by atrophine), 
that is, the eye is permanently accommodated for distant vision, 
then an intention for near-accommodation will start a motor-impulse, 
which cannot be nullified by any re-afference and, therefore, must 
return to a higher centre, where it can produce a perception. This 
is indeed the case. All objects in the visual field become small, and 
this false perception is called “micropsia.” The same phenomenon 
must exist with a normal eye, if we imprint an after-image of a 
distant cross on the retina and then look upon a near surface, Since 
the after-image remains the same size and sharpness on the retina, 
it must appear very small on the near surface, because again only 
the “command” for accommodation returns to the centre of percep- 
tion. This is also the case, as one can easily convince oneself. These 
false perceptions appear, although the peripheral stimulus-situation 
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is unaltered. If, on the contrary, the accommodation of a normal eye 
is unaltered, that is, if we look first at a small and then at a large 
cross at the same distance, then naturally the changed afference will 
be transmitted to the centre of perception and we see the second 
cross to be larger. Now we combine this last case with the first, 
that is, we observe with a normal eye a cross, moving from a distant 
point nearer to the eye. This initiates the accommodation-impulse, 
which returning, tells us “the cross is becoming smaller”; but at the 
same time the enlargement of the retinal image states, "the cross 
is becoming larger.” The two cancel one another out, with the 
result that we perceive the cross to be of constant size. Again, the 
correct perception is the result of two opposite false perceptions; 
and, further, we come to an understanding of a phenomenon, long 
discussed in Psychology, the "GróssenKonstanz der Sehdinge" 
(Hering), which means that we see the objects to be nearly the 
same size irrespective of their distance from us. 

I could present still further examples from man and from lower 
and higher animals which would show what role the re-afference 
plays in general in behaviour. It serves either to limit the magnitude 
of movement or to insure the constancy of the perceived surround- 
ings during movement, and so makes possible the distinction be- 
tween real and apparent motion of objects. The first step in both 
of these functional mechanisms is the comparison of the re-afference 
with the efference-copy. 

In conclusion, permit me a few general considerations. I have 
attempted to show through the example of this central nervous 
mechanism, that it is possible in the field of the Physiology of 
Behaviour to avoid formulating “theories,” which are only gen- 
eralised descriptions of observations; rather should we follow the 
example of the exact sciences, namely, that a theory must exactly 
predict what will happen under defined conditions, so that one can 
by experiment verify or disprove it. Thus one avoids the error of 
false generalisation, which often occurs in central nervous physiol- 
ogy. For this reason I would like to emphasise that the principle of 
re-afference is only one of many central nervous mechanisms. There 
exists a large number of other mechanisms with other modes of 
function, and of these we know as yet very little. We recognise 
fragments of some of them and call them “reflexes”; but this term 
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denotes fragments of very different mechanisms. I believe the whole 
Central-Nervous System is a "hierarchical system" of such different 
functional parts, a concept which you find also in Tinbergen's book 
"The Study of Instinct." 

One final point. I have spoken of neither electrical spikes, nor 
nerve pathways, nor anatomical centres, in which particular func- 
tions might be localised. In the realm of behavioural analysis these 
things are indeed of secondary interest. The functional schemata, 
constructed in order to illustrate definite causal relationships, are 
quite abstract, although the consequences they predict are concrete 
and experimentally verifiable. The physiologist who fully under- 
stands such a causal system is still unable to deduce where the cell 
elements which perform this function are located, or how they 
operate. Such questions are dealt with at another level of investiga- 
tion, where the electrophysiologist works and develops his own 
terminology. It is useful and justifiable for every level of investigation 
to have its own language, but we must expect, that, with a greater 
advancement of our knowledge, it will be easy to translate one such 
language into another. Until such a time, each field must develop 


along its own lines, unhindered by the many possibilities for mis- 
interpretation, 
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Euclid's rule, 72, 73, 75, 77 

Evolutiou, role of vision in, 14, 16-17 
Exafference, 62, 92, 161-62 


Face recognition, 23-24 
Fighting in the dark, 152-54 
Flying saucers, 36-37 


Gestalt psychology, 46, 73, 82-83 
Gróssen Konstanz, 169; see also Size, 
constancy 
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Habits, 33-34 
Honi phenomenon, 39-40, 105-19 
Hue, 67, 69; see also Color 
Human engineering, 53, 155 
Human factors, 53, 55 
Hypnosis, 38-39 

effect of attitudes on, 96-104 


Illusions, 42—49, 80-81 
apparent motion, 46 
importance of, 42, 48-49 
moon, 47-48, 79, 120-44 
of Ponzo, 44-45, 47 
relation to experience, 42-45 
Infant vision, 14-16 
Innate behavior, 10-17, 83 
Inner clock, 13; see also Time sense 
Insignia, 151-52 
Instinctive behavior: see Innate be- 
havior 
Inverted retinal image, 21-22, 72, 92 


Learning process in perception, 18-27, 
84 


role of activity in, 22-23, 91-95 
significance of, 26 


Man-machine relationship, 51-55, 144- 
59 

Migration of animals, 13-14, 19-21 

Moon illusion, 47-48, 79, 120-44 

Motion, 46, 61 

Motivation and perception, 35-41, 
105-19 

Movement perception, 20 

"Mystery" house, 30-32 


Nervous system 


activation of individual fibers, 56- 
58 


inhibition in, 57-58 
interaction in, 57-60 


Optical image in eye, 3-4, 36, 57-60 

Optomotor reflex, 61, 162-63 

Organism, contribution to perception, 
6 


Pattern vision in infants, 15-16 
Perception; see also Brightness; Color; 


Hue; Shape constancy; Size 
definition of, vii 


purpose of, 3 " 
relation to general psychology, viii 
scope of, vii-viii 
in space, 52 
in technology, 50-55, 144-59 
Perceptual 
distortion, 39-41, 105-19 
learning, 20-23 
role of activity in, 23, 59, 61- 
63 
selectivity, 28-34 
Ponzo illusion 
basis of, 44-45 
development in children, 45 
Position constancy, 62; see also Raum- 
konstanz 
Prism adaptation, 22-23; sec also Ad- 
aptation to disarranged eye- 
hand coordination 
Projective techniques, 37-38 — 
Psychophysics and radar engineering, 
149-51 


Radar screen, eyes and, 148-49 
Raumkonstanz, 168; sce also Position 
constancy 
Reaction time, 50-51 
Reafference, 62, 92, 95, 161, 166-69 
Reduction, 69, 71-72, 77 
of context, 70-72. 
screen, 5, 71-72 
tunnel, 77 
Regression, 69 
Regression toward the real object, 71 
Relearning, role of activity in, 22-23 
Releasers, 12-13 
Reliability of witnesses, 37 
Retinal image, 3-4, 8, 9, 21-22, 44- 
45, 57-58, 63, 68, 70, 78, 83- 
84 
Rorschach test, 37 


Shape constancy, 8-9, 67-68; see also 
Regression toward the real ob- 
ject 

Size 

biological use of, 84-85 

constancy, 4-6, 67-68, 70-73, 75- 
76, 86-89; see also Grössen 
Konstanz 

effect of experience on, 5-6, 83-84, 
86-91 


— a 


— 


Size (Continued) 
importance of, 4 
influence of prestige on, 38 
mechanisms, 5-6 
perceived, 7, 67, 72-79, 135-37 
relation to Ponzo illusion, 44-45, 47 
Speech, packaging of, 158-59 


Time sense, 18-19; see also Inner clock 
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Transactional viewpoint in perception, 
118 


Unbewusster Schluss, 80 
Unconscious inference, 80 


Visual cliff, 14-15 
Voice prints, 24 
Voice recognition, 24-26 
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Melvin Н. Marx, is designed to provide authoritative? | і | 
tive contemporary reviews of selected, important topics "— 
central and germane to a spectrum of courses in psychology; 

ume combines an insightful original essay and a set of reprintea-Té- 
ports especially chosen as distinguished instances of funcamental 
progress or position, and thus presents superbly useful text. Empha- 
sis throughout the series is basically empirical rather than speculative, 
and the raising of fundamental questions is stressed. Written by acave 
researchers, these publications will offer instructor and student oppor 
tunity to read sound, high-quality materials on a variety of topics 
not adequately covered in ordinary textbook discussions. It 15 hoped 
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